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LEAD. 

THE  common  ore,  that  which  is  almost  exclusively 
worked,  is  the  sulphuret  of  lead,  or  galena.  This  is  usual¬ 
ly  a  bluish  ore  in  large  plates  or  facets :  when  the  facets 
are  smaller,  approaching  to  steel-grained,  it  is  generally 
found  to  contain  other  metals,  as  silver,  or  antimony.  It 
contains  from  60  to  70  per  cent,  of  lead. 

It  is  niost  easily  assayed  in  the  dry  way;  most  accu¬ 
rately  in  the  moist  way. 

As  silver  in  particular,  and  frequently  also  antimony  is 
found  combined  with  lead  ore,  it  will  be  proper  to  give 
the  assay  and  analysis  of  several  kinds,  which  I  shall  do 
from  Dr.  Aikin,  1  Chem.  Diet. 

Assay  and  Analysis  of  the  Ores* 

The  analysis  of  the  ores  of  lead  is  upon  the  whole  ex¬ 
tremely  simple.  In  general  the  moist  way  is  the  most 
accurate. 

Before  giving  the  individual  processes  the  general  me¬ 
thods  may  be  mentioned  whereby  lead  is  separated  from 
the  other  metals  with  which  it  is  usually  combined  in  the 
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different  ores,  and  the  data  on  which  it  may  be  estimated 
in  analysis. 

Lead  is  readily  separated  from  silver  by  making  a  so¬ 
lution  of  both  in  nitric  acid,  and  adding  muriatic  acid  as 
I  long  as  any  precipitate  appears. 

The  silver  fails  down  in  the  form  of  luna  cornea,  and 
with  it  a  quantity  of  muriat  of  lead,  and  if  the  mixture 
»  stands  some  hours  undisturbed,  this  latter  salt  also  forms 

j  needled  crystals  on  the  surface  of  the  luna  cornea.  All 

{  the  silver  falls  down  in  this  manner,  but  part  only  of  the 

I  lead,  and  the  muriat  of  lead  is  separated  from  the  luna 

j  cornea  by  boiling  water,  22  parts  of  which  will  dissolve 

!  1  of  muriat  of  lead,  but  iK)t  a  particle  of  muriat  of  the 

i  silver.  The  solution  of  the  muriat  of  lead  is  still  more 

I  easily  effected  by  digesting  in  dilute  nitric  acid,  which 

dissolves  it  readily,  but  not  the  luna  cornea. 

I  ,  Lead  is  separated  from  bismuth  by  dissolving  both  to 

'  saturation  in  nitric  acid,  either  concentrated,  or  diluted 

with  no  more  than  a  fourth  of  water,  and  then  pouring 
the  concentrated  solution  into  a  large  quantity  of  water* 
The  oxyd  of  bismuth  then  separates  as  a  heavy  white 
powder,  and  the  lead  remains  dissolved.  Some  bismuth 
^  however  remains,  but  to  the  solution  may  then  be  added 

!  a  saturated  solution  of  sulphat  of  soda,  which  w  ill  preci¬ 

pitate  the  lead  only  in  the  form  of  a  white  pulvenilent  sul* 
phat  of  lead,  the  composition  of  which  w  ill  be  presently 
mentioned.  But  w’here  all  the  bismuth  is  to  be  obtained 
I  for  the  purpose  of  analysis,  and  not  merely  to  be  separat¬ 

ed  from  the  lead,  it  is  better  alter  the  bismuth  has  first 
precipitated,  to  add  muriatic  acid  to  the  clear  solution, 

I  which  w  ill  throw  down  the  silver,  ifthere  be  any,  and  also 

I  some  muriat  of  lead,  mixed  with  some  of  the  bismuth 

I  that  remains  in  the  solution,  and  wliich  last  ii'  redissolved 

I  in  lutric  acid,  will,  agahi  be  decomposed  by  water  as  be^ 

fore.  The  whole  muriat  of  lead  may  then  be  dissolved  in  ^ 
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water  and  nitric  acid,  and  converted  into  a  sulphat  by 
means  of  sulphat  of  soda  as  before. 

Lead  is  separated  also  from  iron  and  copper  by  dis¬ 
solving  both  in  nitric  or  muriatic  acid,  and  adding  sul¬ 
phat  of  soda  to  precipitate  the  lead.  If  the  nitric  acid  be 
used,  some  of  the  oxyd  of  iron  will  first  precipitate  as  9 
brown  red  ochre,  which  should  be  removed. 

The  same  method  will  separate  lead  from  tin,  cobalt, 
and  zinc. 

The  composition  of  the  sulphat  of  lead  artificially  form¬ 
ed  Iti  tliese  processes,  has  been  given  with  some  small  va¬ 
riation  by  different  chemists ;  Klaproth  estimates  it  as  fol¬ 
lows. 

10  )  parts  of  sulphat  of  lead,  dried  at  alow  red  heat  ^  are 
composed  of  73.96  of  oxyd  of  lead  and  26.04  of  sulphu¬ 
ric  acid,  and  the  above  oxyd  of  lead  is  cornposed  of  69.44 
of  metallic  lead,  and  4.52  of  oxygen.  This  is  not  the  on¬ 
ly  state  of  oxygenation  of  which  lead  is  capable,  but  it  is 
that  in  which,  according  to  Klaproth,  it  is  inferred  to  ex* 
ist  in  all  the  native  salts  and  oxyds  of  tlus  metal  hitherto, 
analyzed. 

It  must  be  observed  however,  that  this  calculation  gives 
a  much  lower  state  of  oxygenation  than  is  found  by  other 
experiments,  as  will  be  noticed  presently,  and  tlie  estima¬ 
tion  of  the  quantity  of  metallic  lead  is  made  by  other  che-. 
mists,  and  eycn  in  other  experiments  of  Professor  Klap¬ 
roth,  to  rise  as  high  as  about  7 1  per  cent.  Mr.  Hatchett 
reckons  it  to  l>e  70.9. 

But  where  the  muriat  of  lead  is  free  from  other  admix¬ 
ture,  the  quantity  of  metal  may  be  estimated  without  con¬ 
verting  it  into  a  sulphat,  by  die  following  data ;  100  parts 
of  lead  dissolved  in  nitric  acid,  and  decomposed  by  drop¬ 
ping  in  muriatic  acid  as  long  as,  any  turbidness  ensued, 
and  evaporated  to  perfect  dryness  (but  short  of  volatiliza¬ 
tion  of  any  part  of  the  combined  muriatic  acid)  produced 
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133  of  muriat  of  lead,  and  consequendy  100  parts 'of  dry 
inuriat  of  lead  indicate  75.2,  nearly,  of  metallic  lead,  and 
(if  oxygenated  in  the  same  degree  as  in  the  sulphat)  4.89 
of  oxygen,  or  80.09  of  oxyd  of  lead. 

The  muriat  of  lead  may  also  be  reduced  by*  dissolving 
it  in  water  and  immersing  a  rod  of  iron,  whereby  the  lead 
will  be  precipitated  in  the  metallic  state  in  fine  lamellae. 

Some  of  the  analyses  of  the  individual  lead  ores  may 
now  be  mentioned. 

Vauquelin  analyzed  a  galena  from  Cologne  in  the  fol¬ 
lowing  way. 

A  quantity  was  roasted  slowly  and  lost  12  per  cent,  of 
sulphur  in  the  process.  Another  quantity  was  heated  with 
very  dilute  nitric  acid,  which  gave  a  smell  of  sulphurret- 
ted  hydrogen,  and  dissolved  all  the  metallic  part.  The 
undissolved  residue  heated  to  redness,  parted  with  its  sub 
phur,  and  16.67  per  cent,  of  silex  was  left.  The  nitric 
solution  was  then  decomposed  by  sulphat  of  soda,  and 
the  sulphat  of  lead  collected  and  weighed.  The  propor¬ 
tion  of  metal  it  contained  (estimating  iOO  of  the  sulphat 
to  be  equivalent  to  75.72  of  metal)  was  63.1  per  cent. 
The  liquor  was  then  saturated  with  ammonia,  which  de¬ 
posited  3.3  of  oxyd  of  iron,  and  lastly  carbonat  of  potash 
threw  down  5  of  carbonat  of  lime. 

In  the  dry  way  the  galena  after  roasting  may  be  mixed 
with  thrice  its  weight  of  black  flux,*  covered  with  salt, 
and  melted,  when  a  button  of  reduced  lead  will  be  found 

♦  Black  flux  is  made  by  deflagrating  together  in  a  red  hot  cru¬ 
cible  equal  weights  of  crude  argol  or  taitar,  and  nitre.  In  a  com¬ 
mon  way,  roast  an  ounce  of  the  powdered  ore  for  two  hours  fre¬ 
quently  stirring  it ;  then  add  to  it,  of  pounded  green  glass  an 
equal  weight,  and  of  borax  and  black  flux  each  also  an  equal 
weight,  with  10  grains  of  lamp-black.  If  thrice  the  weight  of 
black  flux  be  used,  the  alkali  will  dissolve  some  of  the  lead. 
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at  the  bottom,  which  will  also  contain  the  silver  and  other 
metals  if  present. 

The  triple  sulphuret  of  lead,  antimony,  and  copper 
found  in  Cornwall,  was  thus  analyzed  by  Mr.  Hatchett. 

T wo  hundred  grains  were  put  into  a  matrass  with  two 
ounces  of  muriatic  acid,  and  heated,  and  nitric  acid  was 
added  drop  by  drop,  till  the  whole  moderately  effervesced. 
It  was  then  gently  heated  for  an  hour,  and  a  green  solu¬ 
tion  was  formed,  on  which  floated  a  quantity  of  sulphur, 
which  was  collected,  digested  separately  with  a  little  mu¬ 
riatic  acid,  and  then  washed  and  dried.  It  weighed  34 
grains,  and  afterwards  burned  away  in  a  red  hot  earthen 
cup,  without  residue,  and  therefore  was  pure.  The  so¬ 
lution,  with  the  muriatic  acid  in  which  the  sulphur  had 
been  washed,  was  boiled,  and  then  mixed  with  6  pints 
of  boiling  distilled  water,  which  it  rendered  instantly 
milky,  and  was  filtered  while  hot,  and  the  filter  washed 
with  more  boiling  water.  The  white  precipitate  left  on 
the  filter,  when  dried  on  a  sand  bath,  ^vcighed  63  grains, 
and  was  oxyd  of  antimony.  The  liquor  with  the  wash¬ 
ings  deposited  on  cooling  some  crystallized  muriat  of 
lead.  It  was  evaporated  nearly  to  dryness,  and  a  few  drops 
of  sulphuric  acid  added  to  the  liquor  left,  to  separate  in 
the  form  of  a  siilphat,  what  little  of  the  lead  remained  in 
solution.  The  residue  u  as  then  redissolved  in  boiling 
water,  and  decomposed  entirely  by  sulphat  of  soda,  and 
the  sulphat  of  lead  thus  produced,  (added  to  the  former 
portion)  was  washed  and  dried  on  a  sand  batli,  and  weigh¬ 
ed  120.2  grains. 

The  liquor  which  was  now  bluish-green,  was  rendered 
of  a  deep  blue  by  ammonia,  and  a  small  quantity  of  oxyd 
of  iron  separated,  which  when  dried  and  heated  with  wax, 
became  magnetic,  and  weighed  2.4  grains. 

The  liquor  was  then  evaporated  nearly  to  dryness,  boil¬ 
ed  with  a  strong  lixivium  of  potash  till  nearly  dry,  and  on 
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^vashing  with  water,  aomc  black  oxj  cl  oF  copper  was  kit 
weighing  32  grains  after  thorough  drying. 

In  the  above  analysis  the  metals  are  estimated  as  in 
their  metallic  state,  this  being  the  state  in  which  they  exist 
in  the  sulphurets,  and  hence,  for  the  63  grains  of  oxyd  of 
antimony,  48.45  of  the  regulus  are  to  be  put  down,  and 
for  the  120.2  of  sulphat  of  lead,  the  author  estimates  85.24 
of  metallic  lead,  which  is  in  the  proportion  of  70.9  in  100. 

The  carbqnat  of  lead  was  analyzed  by  Klaproth  in  the 
following  way  :  100  grains  were  dissolved  in  a  mixture* 
of  20  J  grains  of  nitric  acid  with  300  of  water,  and  the 
loss  of  weight  by  the  effervescence  noted,  which  amount¬ 
ed  to  16  grains,  and  was  carlx)nic  acid.  The  nitric  so¬ 
lution  was  then  diluted,  and  a  cylinder  of  zinc  immersed, 
which  precipitated  the  lead  in  the  metallic  state  in  l)eauti- 
ful  vegetations.  This  w^ashed  and  dried,  weighed  77 
grains,  equivalent  to  82  of  oxyd,  as  it  is  in  this  state  that 
the  lead  exists  in  the  ore.  This  proportion  however,  would 
give  an  increase  of  only  6.5  of  oxygen  upon  100  of  lead. 

That  rare  variety  of  lead  ore,  the  compound  carbonat 
and  muriat  of  lead,  has  been  analyzed  both  by  Klaproth 
and  Chenevix.  By  Klaproth,  the  follow  ing  method  was 
pursued:  fifty  grains  of  the  ore  w^crc  rubbed  wdth  150 
of  very  pure  carbonat  of  potash,  (previously  fre-ed  from 
every  muriat)  and  heated  in  a  platina'  crucible  to  a  mcxle- 
rate  redness,  then  lixiviated  and  filtered.  An  oxyd  of 
lead  was  left  behind.  The  solution  was  slightly  super¬ 
saturated  with  nitric  acid  and  precipitated  with  nitrat  of 
silver.  l"he  muriat  of  silver  thus  obtained  weighed  27 
grains,  equal  to  more  than  4  of  concrete  muriatic  acid. 
Another  (juantity  of  the  ore  of  100  grains  was  then  pow¬ 
dered  and  nitric  acid  affused,  which  produced  an  efferve¬ 
scence  of  carbonic  acid.  This  solution  gave  with  nitrated 
silver  35  grains  of  lima  cornea,  corresponding  very  close¬ 
ly  in  proportion  with  the  former  experiment,  the  acid  of 
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which  amounted  to  8.5  p;rains.  The  lead  was  then  pre¬ 
cipitated  by  caustic  potash  and  the  oxyd  thus  procured 
weighed,  alter  thorough  drying,  85  1-2  grains,  which  is 
the  state  of  oxygenation  in  which  it  is  supposed  to  exist  in 
the  ore.  In  this  case,  therefore,  85.5  grains  of  oxyd  of 
lead  were  combined  ^vith  only  8.5  of  muriatic  acid  wliich 
is  far  short  of  the  saturating  quantity,  since  in  the  artificial 
crystallized  muriat  of  lead  the  proportion  of  acid  amounts 
to  13  or  14  per  cent.  This  deficient  saturation  therefore 
allows  the  presence  of  carbonic  acid,  w  hich  amounts  to 
6  grains,  and  completes  the  saturation  of  oxyd. 

A  similar  ore  Was  analyzed  by  Mr.  Chenevix,  nearly  in 
the  same  way  and  w  ith  the  same  result.  The  ore  was 
first  dissolved  in  nitric  acid,  and  the  quantity  of  carbonic 
acid,  amounting  to  6  grains,  estimated  by  the  loss  after 
effervescence.  I'he  solution  was  then  neutralized  by  am¬ 
monia,  and  tried  by  difterent  tests.  As  nitrate  of  lime 
gave  no  precipitate,  the  solution  could  not  contain  either 
the  arsenic  or  molybdic  or  phosphoric  acids,  and  as  nitrat 
of  barytes  gave  none,  the  absence  of  sulphuric  acid  was 
proved. 

Nitrat  of  silver  w  as  then  added  and  a  copious  precipi¬ 
tate  ensued,  and  the  luna  Cornea  weigned  after  drying  48 
grains,  which  Mr.  C.  estimates  as  ecpiivalent  to  8  of  mu¬ 
riatic  acid.  The  composition  of  the  ore  is  thus  slated  : 
6  grains  of  carbonic  acid  saturate  34  of  oxyd  of  lead,  and 
‘B  of  muriatic  acid  saturate  51  of  oxyd  of  lead,  and  the 
acids  may  be  supposed  to  be  in  the  state  of  perfect  satu¬ 
ration,  consequently  tlic  ore  is  composed  of  59  muriat  oi 
lead  and  40  of  cai  bonut  of  lead ;  or  of  14  of  acid  and  85 
of  oxyd. 

The . Anglesea  sulphat  of  lead  was  thus  analyzed  by 
Klaproth :  lOO  grains  were  first  ignited  moderately  and 
lost  two  grabis,  u  hich  were  water  of  crystallization.  The 
remainder  was  mixed  with  400  grains  of  carbonated  pot* 
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ash,  and  kept  for  some  time  in  a  red  heat  in  a  platina  cru¬ 
cible,  which  gave  a  reddish-yellow  hardened  mass.  This, 
digested  with  water,  was  all  dissolved  except  the  oxyd  of 
lead  separated  in  the  previous  process,  amounting  to  72 
grains,  after  strong  drying.  This  oxyd  was  redissolved 
in  nitric  acid,  and  deposited  thereby  one  grain  of  oxyd  of 
iron.  The  solution  was  then  decomposed  by  zinc,  and 
yielded  66.5  grains  of  metallic  lead.  The  alkaline  fluid 
formed  by  the  washing  of  the  contents  of  the  crucible,  af¬ 
ter  ignition,  was  then  saturated  with  nitric  acid  and  acetate 
of  barytes  added  as  long  as  any  siilphat  of  barytes  was 
precipitated.  This  amounted  to  73  grains,  equal  to  24.8 
of  concrete  sulphuric  acid  on  die  estimation  that  ICO  parts 
(after  ignition)  contain  34  ol'  acid.  The  iron  in  this  ore 
appears  merely  casual. 

The  phosphated  lead  ores  have  been  also  examined  by 
the  same  eminent  Chemist  with  much  attention.  The 
composition  of  all  the  varieties  is  very  uniform,  all  con¬ 
sisting  of  phosphoric  acid  and  oxyd  of  lead,  together  with 
muriatic  acid,  the  quantity  of  which  varies  very  little.  It 
is  a  distinguishing  and  singular  property  of  the  phosphat 
of  lead,  that  when  melted  into  a  round  bubble  under  the 
blow-pipe  it  assumes  a  regular  polygonal  ganiet-shaped 
form  on  the  moment  of  solidifying  by  cooling. 

The  green  phosphat  was  thus  analyzed :  after  some 
imperfect  attempts  at  reduction  in  the  dry  way,  100  grains 
of  the  ore  were  dissolved  in  hot  nitric  acid  leaving  no  re¬ 
sidue.  Nitratof  silver  tlien  gave  a  precipitate  of  11 
grains  of  luna  cornea,  the  muriatic  acid  of  which  amount¬ 
ed  to  1.7  grains.  Sulphuric  acid  was  then  added  to  the 
warmed  solution,  by  which  sulphat  of  lead  was  precipitat¬ 
ed,  weighing  after  ignition  106  grains,  equal  to  73.61  of 
metallic  lead  or  78.4  of  the  oxyd.  The  liquor  was  then 
freed  from  the  excess  of  sulphuric  acid  by  nitrat  of  bary¬ 
tes,  it  was  then  nearly  saturated  with  ammonia,  and  ace- 
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tite  of  lead  added.  The  phosphoric  acid  in  the  solution, 
was  then  precipitated  in  the  form  of  phosphat  of  lead, 
weighing,  after  ignition,  82  grains,  of  which  the  mere  acid 
amounts  to  18.37  grains.  The  rest  of  the  solution  was 
then  mixed  with  a  little  muriatic  acid,  inspissiated  by 
evaporation,  and  alcohol  added  to  redissolve  the  muriat 
of  iron  then  formed,  if  any,  from  which  by  the  addition 
of  prussiat  of  potash  there  was  obtained  an  extremely 
small  blue  precipitate,  indicating  no  more  than  about  .1 
of  a  grain  of  oxyd  of  iron. 

In  another  exix.riment  the  phosphoric  acid,  instead  of 
being  engaged  with  lead,  was  saturated  partly  by  soda, 
pardy  by  ammonia,  and  by  due  evaporation  and  cooling, 
crystals  of  the  microcosmic  salt,  or  the  phosphat  of  soda 
and  ammdnia  were  obtained.  The  other  varieties  of  this 
phosphat  were  analyzed  in  the  same  way. 

With  regard  to  the  analysis  of  the  molybdat  of  lead  the 
reader  is  referred  to  the  article  Molyhdena  and  to  Chrome^ 
for  the  Chromat  oV  lead.  Those  ores  in  which  lead  is 
only  a  small  part  of  the  metallic  contents  w  ill  be  described 
under  the  other  metals  as  silver,  bismuth,  &c. 

The  compound  of  oxyd  of  arsenic,  lead,  and  iron,  ex¬ 
amined  by  Lelievre,  and  Vaiiquelin,  gave  the  following  ap¬ 
pearances  :  100  parts  roasted  for  half  an  hour,  with  a  lit- 
tie  suet  added  occasionally  to  favour  the  evaporation  of 
the  arsenic,  lost  38,  and  became  black  and  magnetical. 
The  remaining  62  parts  boiled  in  muriatic  acid  made  a 
red  solution,  giving  out  much  oxymuriatic  acid  gas, 
and  crystallized  muriat  of  lead  was  deposited.  This  so¬ 
lution  evaporated,  rcdissolved  in  water,  and  decomposed 
by  sulphat  of  soda,  gave  25  of  sulphat  of  lead,  equal  to 
20.2  of  lead  or  ii2  of  the  oxyd.  The  residue,  saturated 
with  ammonia,  gave  39  parts  of  oxyd  of  iron. 

The  analysis  of  lead  ores  in  the  dry  w^ay  is  attended 
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with  muchmc^c  loss  of  the  metallic  contents,  especially 
when  alkaline  fluxes  are  used,  ail  of  which  act  niore  or 
less  on  this  oxyd. 

Smelting  and  reduction  of  Lead  Ores. 

The  only  ore  of  lead  that  is  wrought  in  the  large  way  is 
galena,  and  the  method  of  treating  this  is  verj  simple, 
partly  on  account  of  the  richness  of  the  ore,  and  pardy  on 
account  of  the  low  price  of  the  metal  itself,  which  there¬ 
fore  will  not  admit  of  any  but  the  most  summary  methods 
of  bringing  it  into  a  marketable  state. 

The  ore  when  first  brought  up  from  the  mine  is  dressed 
by  women  and  boys,  who  with  a  hand-hammer  separate 
the  greater  part  of  the  adhering  impurities,  consisting  of 
blende,  iron,  pyrites,  quartz,  calcareous  spar,  *&c.  The 
residue  being  broken  into  pieces  about  the  size  of  a  hazle- 
nut,  is  washed  from  all  adhering  clay  and  dirt,  and  is  then 
ready  to  be  smelted.  The  fumace  used  for  this  purpose 
is  the  common  reverberator)^  with  a  low  arch.  A  ton  or 
more  of  the  ore  is  spread  on  the  floor  of  the  fumace,  and 
by  means  of  the  flame  from  pit-coal  it  is  quickly  brought 
to  a  bright  red  heat.  In  this  situation  it  is  occasionally 
stiired  with  iron  rakes  to  expose  fresh  surfaces  to  the  ac¬ 
tion  of  the  flame  and  facilitate  the  separation  of  the  sul¬ 
phur.  In  a  short  time  the  mass  begins  to'acquire  a  pasty 
consistence ;  upon  which  the  heat  is  lowered  and  the  ore 
is  kept  at  a  dull  red  till  the  sulphur  is  nearly  all  got  rid 
of ;  the  fire  being  then  increased  the  ore  is  brought  to  a 
state  of  perfect  fusion,  and  visibly  consists  of  two  fluids ; 
the  lower  is  the  metallic  lead,  the  upper  is  a  vitreous  ^ag, 
still  holding  a  considerable  portion  of  lead  but  mixed  witli 
various  impurities.  In  this  state  of  the  process  the  fire  is 
damped  and  a  few  spadefuls  of  quicklime  are  thrown  into 
the  fluid  mass  ;  !)y  this,  the  scoriae  are  suddenly  solidified, 
and  are  raked  to  the  side  of  the  furnace  ;  the  tap  hole  is 
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then  opened,  and  the  lead  runs  into  moulds  placed  to  re¬ 
ceive  it,  where  it  congeals  into  oblong  masses  called  pxgSj 
weighing  about  60  pounds  each.  As  soon  as  the  lead 
has  run  out  of  the  furnace,  the  tap-hole  is  closed,  the 
scoriae  are  replaced  in  the  bed,  and  being  quickly  raised' 
to  a  glowing  red  heat  are  soon  melted ;  the  greatest  part 
of  the  lead  that  they  contained  by  this  means  collects  into 
a  mass  at  the  bottom  ;  a  little  lime  is  tlirown  in  as  before, 
the  scorix  thus  rendered  solid  are  raked  aside,  and  the 
lead  which  they  covered  is  let  off  into  a  niould.  This 
second  scorix,  though  still  holding  from  5  to  8  per  cent, 
of  lead,  is  now  removed  from  the  furnace,  and  applied  to 
no  purpose  but  that  of  mending  roads,  the  expence  of  se- 
jxirating  the  last  portions  of  metal  being  more  than  the 
value  of  the  produce. 

The  lead  of  the  first  running  is  the  best ;  that  procured 
firomthc  scorix  being  sensibly  harder,  and  less,  malleable 
on  account  of  the  iron  that  it  contains. 

It  is  a  matter  of  doubt  among  the  most  intelligent 
smelters  whether  there  is  any  advantage  in  retaining  the 
carbonatof  lead,  with  which  the  galena  is  very  often  mix¬ 
ed  in  considerable  proportion.  On  the  one  hand  it  is  cer¬ 
tain  that  it  contains  a  large  quantity  of  metal,  and  in  as¬ 
says  is  very  easily  reducible ;  but  on  the  other  hand, 
when  treated  in  the  reverberatory,  it  vitrifies  almost  at  the 
first  impression  of  the  heat,  and  being  a  very  active  flux 
it  is  apt  to  bring  the  whole  into  fusion  while  much  sul¬ 
phur  still  remains  unsublimed ;  hence  the  amount  of 
scorix  is  prodigiously  increased,  and  with  it  the  trouble 
of  the  smelters,  while  the  produce  of  lead  is  very  little 

augmented.  [2  Axkin^  14. 

% 

The  following  practical  remarks  of  the  Bishop  of  Lan*. 
daff,  are  well  worth  attention. 

It  is  not  fifty  years  since  the  hla&t  or  hearth  furnace, 
was  tlic  only  one  in  use  for  smelting  lead  ore  in  Derbij- 
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shire.  In  this  fumacr,  ore  and  charcoal,  or  ore  and  what 
they  call  white  coal,  which  is  wood  dried  but  not  charred, 
beings  placed  in  alternate  layers,  upon  a  hearth  properly 
constructed,  the  fire  is  raised  by  the  blast  of  a  bellows, 
moved  by  a  water  wheel ;  the  ore  is  soon  smelted  by  the 
violence  of  the  fire,  and  the  lead  as  it  is  produced  trickles 
down  a  proper  channel,  into  a  place  contrived  for  its  re- 
ception.  There  are  not  at  present,  I  believe,  above  one 
.  or  two  of  these  ore  hearths  in  the  whole  county  of  Dcr- 
by ;  this  kind  of  furnace,  however,  is  not  likely  to  go  en¬ 
tirely  out  of  use,  since  it  is  frequently  applied  to  the  ex¬ 
tracting  lead  from  the  slag  which  is  produced  cither  at  the 
ore  hearth^  or  the  cupola  furnace,  and  it  is  then  called  a 
slag  hearth ;  and  the  lead  thus  obtained  is  called  slag 
lead:  the  fire  in  a  slag  hearth  is  made  of  the  cinder  of  pit- 
coal  instead  of  charcoal  of  w’ood. 

The  furnace  called  a  cupol  or  cupola^  in  which  ores  are 
smelted  by  the  flame  of  pitcoal,  is  said  to  have  been  in¬ 
vented  about  the  year  1798,  by  a  physician  named  Wright^^ 
though  Beecher  may,  perhaps,  be  thought  to  have  a  prior 
claim  to  its  invention  or  introduction  from  Germany. 
But  whoever  was  the  first  inventor  of  the  cupola,  it  is  now 
in  general  use,  not  only  in  Derbysliire  and  other  counties, 
for  the  smelting  of  ores  of  lead,  but  both  at  home  and . 
abroad,  where  it  is  called  the  English  furnace,  for  the 
smelting  of  copper  ores.  This  furnace  is  so  contrived, 
that  the  ore  is  melted,  not  by  coming  into  immediate  con¬ 
tact  with  the  fuel,  but  by  the  reverberation  of  the  flame 
upon  it.  The  bottom  of  the  furnace  on  which  the  lead 
ore  is  placed,  is  somewhat  concave,  shelving  from  the 
sides  towards  the  middle  ;  its  roof  is  low  and  arclied,  re¬ 
sembling  the  roof  of  a  baker’s  oven  ;  the  fire  is  placed  at 
one  end  of  the  furnace,  upon  an  iron  grate,  to  the  bottom 
of  which  the  air  has  free  access  ;  at  the  other  end  oppo¬ 
site  to  the  fire-place,  is  a  high  perpendicular  cliimney  ;  the 
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direction  of  the  flame,  when  all  the  apertures  in  the  sides 
of  the  furnace  arc  closed  up,  is  necessarily  determined, 
by  the  stream  of  air  which  enters  at  the  grate,  towards 
the  chimney,  and  in  tending  thitlKir  it  strikes  upon  the 
roof  of  the  furnace,  and  being  reverberated  from  thence 
upon  the  ore,  it  soon  melts  it. 

It  is  not  always  an  easy  matter  to  meet  with  a  current 
of  water  sufficient  to  move  the  bellows  required  in  smelt¬ 
ing  on  an  hearth  furnace ;  and  to  carry  the  ore  from  the 
mine  where  it  is  dug  to  a  considerable  distance  to  be 
smelted,  is  attended  with  great  ex  pence;  this  ex  pence  is 
saved  by  smelting  in  the  cupola  furnace,  which  not  requir¬ 
ing  the  use  of  bellows,  may  be  constructed  any  where. 
Wood  is  very  scarce  in  ever)^  mining  county  in  England  ; 
and  though  pitcoal  costs  ten  or  twelve  shillings  a  ton  in 
Derbyshire,  (17o7)  yet  they  can  smelt  a  definite  quantity 
of  ore  in  the  cupola,  at  a  far  less  expence  by  means  of 
pitcoal,  than  of  w^ood. — The  flame  which  plays  upon  the 
surface  of  the  ore  and  smelts  it  in  a  cupola  furnace,  is  not 
driven  against  it  with  much  violence;  by  this  means 
small  particles  of  ore,  called  bellandy  may  be  smelted  in  a 
cupola  furnace  with  great  convenience,  which  would  be 
driven  away,  if  exposed  to  the  fierce  blast  of  a  pair  of 
l)ellows  in  a  hearth  furnace.  TIk^sc  are  some  of  the  ad¬ 
vantages  attending  ti;e  use  of  a  cupola  in  preference  to  a 
hearth  furnace  ;  and  to  these  may  be  added  one  superior 
to  all  the  rest, — the  preserv^ation  of  the  w  orkmen’s  lives ; 
the  noxious  particles  of  lead  are  carried  up  the  chimney 
in  a  cupola,  whilst  they  are  driven  in  the  face  of  the  hearth 
smelter  at  every  blast  of  the  bellow's.* 

They  generally  put  into  the  cupola  furnace  a  ton  of  ore, 
previously  beat  small  and  properly  dressed,  at  one  time ; 

*  In  the  neighbourhood  also  of  blast  furnaces,  the  chimney  is 
lined,  and  the  adjacent  ground  covered  with  the  white  oxyd  of 
lead  which  is  lost  to  the  smelter,  T.  C, 
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this  quantity  they  call  a  charge ;  if  the  ore  is  very  poor 
in  lead,  they  put  in  somewhat  more,  and  they  work  off 
three  charges  of  ore  in  everj'  twenty- four  hours.  In  about 
six  hours  from  the  time  of  charging,  the  ore  becomes  as 
fluid  as  milk.  Before  the  ore  becomes  fluid,  and' even 
whilst  it  continues  in  a  state  of  fusion,  a  considerable 
portion  of  its  weight  is  carried  off  through  the  chimney  ; 
what  remains  in  the  furnace  consists  of  two  different  sub¬ 
stances, — of  the  lead,  for  the  obtaining  of  which  the  pro¬ 
cess  was  commenced, — and  of  the  slag  or  scoriae.  The 
proportion  between  these  parts  is  not  always  the  same, 
even  in  the  same  kind  of  ore ;  it  depending  much  upon 
the  management  of  the  fire.  The  lead,  being  heavier 
than  the  slag,  sinks  through  it  as  it  is  formed,  and  settles 
into  the  concavity  of  the  bottom  of  the  furnace.  The 
pure  slag,  according  to  the  idea  here  given,  is  that  part  of 
the  ore  of  lead  which  is  neither  driven  off  by  the  heat  of 
the  funiace,  nor  changed  into  lead.  In  order  to  obtain 
the  lead  free  from  the  slag  which  swims  over  it,  the  smelt¬ 
ers  usually  throw  in  about  a  bushel  of  lime  ;  not,  as  is 
usually  supposed,  in  order  to  contril^ute  towards  the  more 
perfect  fusion  of  the  ore,  but  to  dry  up  the  slag  which 
floats  up>on  the  surface  of  the  lead,  and  which,  being  as 
liquid  as  lead,  might  otherwise  flow  out  along  with  it.  • 
The  slag  being  thus  thickened  by  an  admixture  of  lime, 
is  raked  up  towards  tlie  sides  of  the  furnace,  and  the  lead 
is  left  at  the  bottom.  There  is  a  hole  in  one  of  the  sides 
of  the  furnace,  which  is  properly  stopped  during  the 
smelfing  of  the  ore ;  when  the  slag  is  raked  off,  this  hole 
is  opened,  and  being  situated  lower  than  the  lead  in  the 
furnace,  the  lead  gushes  through  it  into  an  iron  pot  placed 
contiguous  to  the  side  of  the  furnace  ;  from  this  pot  it  is 
laded  into  iron  moulds,  each  containing  what  they  call  a 
pig  of  lead ;  the  pigs,  when  cold,  being  ordinarily  stamp-  , 
cd  with  the  maker’s  name,  are  sold  under  the  name  of 
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are  lead.  After  the  lead  has  all  flowed  out  of  the  furnace, 
they  stop  up  the  tap-hole,  and  drawing  down  the  slag  and 
lime  into  the  middle  f)f  the  furnace,  they  raise  the  fire  till 
die  mixture  of  slag  and  lime,  which  they  simply  term  slag, 
is  rendered  very  liquid ;  upon  this  liquid  mass,  they 
.  tlirow  another  quantity  of  lime  to  dry  it  up,  as  in  the  for¬ 
mer  part  of  the  process.  This  second  mixture  of  slag 
i  and  lime  is  then  raked  out  of  the  furnace,  and  the  small 

I  portion  of  lead  separated  from  the  fusion  of  the  first,  gene- 

f  rally  to  the  amount  of  twenty  or  thirty  pounds,  being  let 
out  of  the  furnace,  a  new  charge  of  ore  is  put  in,  and  the 
ojK-Tation  re-commenced.  In  order  to  spare  the  lime,  and 
the  expence  of  fuel  attending  the  fluxing  of  the  mixture 
of  lime  and  slag,  they  have  in  some  furnaces  lately  con- 
i  trived  a  hole,  through  which  they  suffer  the  main  part  of 

I  the  liquid  slag  to  flow  out,  before  they  tap  the  furnace  for 

the  lead  ;  upon  the  little  remaining  slag  diey  throw  a  small 
'  portion  of  lime,  and  draw  the  mixture  out  of  the  furnace 
without  smelting  it.  This  kind  of  furnace  they  have  nick¬ 
named  a  Maccaronu 

The  process  of  smelting  here  described,  appears  to  be 
defective  in  some  points,  wliich  I  will  take  the  liberty  to 
mention,  and  at  tlie  same  time  suggest  the  means  of  im¬ 
provement  without,  however,  presuming  to  say,  how 
far  it  may  lie  expedient  to  ackipt  the  proposed  alterations  ; 
being  sensible  that  what  may  appear  very  feasible  in 
theory,  or  imy  even  answer  in  small  assays,  may  not  be 
practicable  in  large  works. 

The  first  alteration  which  I  'would  propose  to  the  con¬ 
sideration  of  tlie  lead  smelters,  is  to  substitute  an  horizon¬ 
tal  chimney  of  two  or  three  hundred  yards  in  length,  in 
the  place  of  the  perpendicular  one  now  in  use.  In  the 
preceding  Essay,  which  was  first  published  in  1778,  men- 
tion  is  made  of  the  probability  of  saving  a  large  quantity 
of  sul)limed  lead,  by  making  the  smoke  which  rises  from 


the  ore  pass  through  a  horizontal  chimney,  with  various 
windings  to  condense  the  vapour.  I  have  since  conversed 
with  some  of  the  principal  lead  smelters  in  Derbyshire^ 
and  find  that  I  had  over-rated  the  quantity  of  this  sub¬ 
limed  lead ;  the  weight  of  the  scoritc  from  a  ton'  of  ore, 
amounting  to  more  than  I  had  supposed  ;  they  were  all 
of  them,  however,  of  opinion,  that  the  plan  I  had  proposed 
for  saving  the  sublimate,  was  a  very  rational  one.  But 
so  difficult  is  it  to  wean  artists  from  their  ancient  ways  of 
operatmg,  that  I  question  very  much  whether  any  of  them 
would  ever  have  adopted  the  plan  they  approved,  if  an  ho¬ 
rizontal  chimney,  which  was  built  a  little  time  ago  in 
Middleton  dale^  for  a  quite  different  purpose,  had  not  given 
them  a  full  proof  of  the  practicability  of  saving  the  subli¬ 
mate  of  lead,  which  was  lost  in  the  ordinary  method  of 
smelting.  This  chimney  was  built  on  the  side  of  an  hill 
to  prevent  some  adjoining  pastures  from  being  injured  by 
the  smoke  of  the  furnace.  It  not  only  answers  that  end, 
but  it  is  found  also  to  collect  considerable  quantities  of  the 
lead,  which  is  sublimed  during  the  smelting  of  the  ore  ; 
this  sublimed  lead  is  of  a  whitish  cast;  and  is  sold  to  the 
painters  at  ten  or  twelve  pounds  a  ton  ;  it  might  perhaps 
be  converted  into  red  lead  with  still  more  profit. 

A  second  circumstance  to  be  attended  to  in  the  snielt- 
ing  of  lead  ore,  is  the  saving  the  sulphur  contained  in  it. 
The  pure  lead  ore  of  Derbyshire  contains  between  an 
eighth  and  a  ninth  part  of  its  weight  of  sulphur ;  but  as 
the  ore  which  is  smelted  is  never  pure,  being  mixed  with 
particles  of  spar^  cawk^  limestone^  brazil^  and  other  sub¬ 
stances,  which  the  miners  call  deads  we  shall  be  high 
enough  in  our  supposition,  if  we  say  that  the  ordinary  ore 
contains  a  tenth  of  its  weight  of  sulphur ;  it  may  not,  pro¬ 
bably,  contain  so  much,  but  even  a  twelfth  part,  could  it 
be  collected  at  a  small  expence,  would  be  an  deject  of* 
great  impartance  to  the  smelter.  In  the  common  method 
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of  smelting  lead  ore  there  Is  no  appearance  of  the  sulphur 
it  contains,  it  is  consumed  by  the  flame  of  the  furnace,  as 
soon  as  it  is  separated  from  the  ore  ;  an  attentive  observer 
may,  indeed,  by  looking  into  the  furnace,  distinguish  a 
diversity  in  the  colour  of  the  flame,  at  different  periods  of 
the  process  ;  during  the  first  three  or  four  hours  after  the 
ore  is  put  into  the  furnace,  the  flame  has  a  bluish  tint,  pro¬ 
ceeding  no  doubt  from  the  sulphur  which,  in  being  sub¬ 
limed  from  the  ore,  is  inflamed :  after  all  the  sulphur  is 
separated  from  the  ore,  the  flame  has  a  whitish  cast,  and 
I  then,  and  not  before,  the  fire  may  be  raised  for  finishing 
the  operation  ;  for  if  the  fire  be  made  strong  before  the 
sulphur  be  dispersed,  the  quantity  of  lead  is  less,  probably, 
for  two  reasons ;  the  sulphur  unites  itself  in  part  to  the 
lead  which  is  formed,  and  by  this  union  becomes  insepa¬ 
rable  from  it ;  for  the  sulphur  cannot  without  much  diffi¬ 
culty  be  separated  from  an  artificial  mixture  of  lead  and 
sulphur,  when  the  two  ingredients  have  been  fused  to¬ 
gether. — 2.  The  sulphur,  whilst  it  continues  united  to 
the  lead  in  the  natural  ore,  renders  the  ore  volatile,  so  that 
in  a  strong  heat  a  great  portion  of  it  is  driven  off.  Hence, 
very  sulphureous  ores  should  be  roasted  for  a  long  time 
with  a  gentle  heat,  and  in  this  proper  management  of  the 
fire,  principally  consists  the  siqxriority  of  one  smelter 
above  another. 

An  old  lead  smelter  Informed  me  that  he  had  often  re¬ 
duced  a  ton  of  ore  to  sixteen  hundred  weight  by  roasting 
it,  but  that  he  did  not  obtain  more  metal  from  it  by  a  sub- 
sequent  fusion,  than  if  he  Irad  fluxed  it  without  a  previous 
roasting.  I'his  may  be  true  of  some  sorts  of  ore,  but  it 
is  not  true  of  very  sulphureous  ores.  Indeed  the  fire  may 
be  so  regulated  in  a  cupola  furnace,  as  to  make  it  an¬ 
swer  the  purpose  of  a  roasting  and  a  smelting  furnace  at 
the  same  time.  I  have  seen  much  lead  lost  by  smelting 
a  ton  of  sulphureous  ore  in  eight  hours,  which  might 
VoL.  III.  B  b 
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have  been  saved,  if  the  fire  liad  at  first  been  kept  so  gen- 
tie  as  to  have  allowed  twelve  hours  for  finishing  the  ope- 
ration. 

Sulphur  cannot  be  separated  from  lead  ore  in  close  ves- 
^Is,  and  the  lead  ore  melts  with  so  small  a  degree  of  heat, 
that  there  may  be  more  difficulty  in  procuring  the  sul- 
phur  from  the  ores  of  lead,  than  from  those  of  copper  or 
iron,  however,  I  am  far  from  thinking  the  matter  imprac¬ 
ticable,  though  I  have  not  yet  hit  uix)n  the  method  of  do¬ 
ing  it ;  “and  the  following  reflections  may,  perhaps,  tend 
to  supercede  the  necessity  of  collecting  the  sulphur  in  | 
substance. 

When  it  is  said  that  ,  the  sulphur  is  consumed  by  the 
flame  of  the  furnace  as  soon  as  it  is  separated  from  the  ore, 
the  reader  will  please  to  recollect,  that  sulphur  consists  of 
two  parts,— of  an  inflammable  part,  by  which  it  is  rendered 
combustible, — and  of  an  acid  part,  which  is  set  at  liberty, 
in  the  form  of  vapour,  during  the  burning  of  the  sulphur.  i 
Now  this  acid,  though  it  may  be  driven  out  of  the  furnace 
in  the  form  of  a  vapour,  yet  it  is  incapable  of  being  there¬ 
by  decomposed  ;  it  still  continues  to  be  an  acid ;  and, 
could  the  vapour  be  condensed,  might  answer  all  the 
same  purposes  as  the  acid  of  vitriol ;  since  all  the  acid 
of  vitriol,  now  used  in  commerce,  is  actually  procured 
from  the  burning  of  sulphur.  That  the  fact,  with  respect 
to  the  acid  not  being  decomposed,  is  as  I  have  stated  it, 
may  be  readily  proved.  The  smoke  which  issues  out  of 
the  chimney  for  some  hours  after  each  fresh  charge  of  ore, 
has  a  suffocating  smell,  perfectly  resembling  the  smell  of 
burning  brimstone  ;  and  if  a  wet  cloth,  or  a  wet  hand,  be 
held  in  it  for  a  very  short  space  of  time,  and  afterwards 
applied  to  the  tongue,  a  strong  acid  will  be  sensibly  per- 
ceived.  Various  methods  may  be  invented  for  condens¬ 
ing  this  acid  vapour,  and,  probably,  more  commodious 
than  the  following  one,  wluch,  however,  I  will  just  take 
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the  liberty  of  mentioning,  as,  if  it  should  not  succeed,  the 
trial  will  be  attended  with  very  little  expence. 

Supposing  then  an  horizontal  chimney  to  be  built,  let 
the  end  farthest  from  the  fire  be  turned  up  by  a  tube  of 
earthen  ware,  or  otherwise,  so  that  tlie  sulphureous  acid 
may  issue  out  in  a  direction  pi\rallel  to  the  flue  of  the 
chimney,  and  at  the  distance  of  about  a  foot  and  an  half 
above  it.  Let  a  number  of  large  globular  vessels  be  made 
of  either  glass  or  lead,  each  of  these  globes  must  have  two 
ncf  ’ks  so  as  to  be  capable  of  being  inserted  into  one  an- 
other  ;  let  these  vessels  be  placed  on  the  flue  of  the  chim¬ 
ney,  the  neck  of  the  first  being  inserted  into  the  tube 
tlirough  which  we  have  supposed  the  sulphureous  acid  to 
issue,  and  the  neck  of  the  last  being  left  open,  for  fear  of 
injuring  the  draught  of  the  furnace.  Let  each  of  these 
globular  vessels  contain  a  small  quantity  of  water,  ,  then  it 
is  conceived,  that  the  heat  of  the  flue  will  raise  the  water 
into  vapour,  and  that  this  watery  vapour  will  be  the 
means  of  condensing  the  sulphureous  acid  vapour,  ,  if  not 
wholly,  at  least  in  such  a  degree  as  may  render  the  un- 
dertaking  profitable.*  When  the  sulphur  is  all  con¬ 
sumed,  the  draught  of  the  furnace  may  be  suffered  to 
have  its  ordinary  exit  at  the  end  of  the  horizontal  chimney, 
by  a  very  slight  contrivance  of  a  moveable  damper.  Since 
the  first  publication  of  the  preceding  Essay,.!  have  seen 
an  horizontal  chimney  at  the  copper  works  near  Liver¬ 
pool,  where  every  thing  I  had  said  concerning  the  proba¬ 
bility  of  saving  sqiphur  by  roasting  lead  ore,,  is  verified 
with  respect  to  copper  ore  ;  and  I  believe '  a  patent  has 
been  granted  to  some  individual,  for  this  mode  of.  collect¬ 
ing  sulphur.  Sulphur  might  be  obtained,  with  equal  fa¬ 
cility  fix)mthe  pyrites  which  is  found. amongst  coal,  ,  and' 

*  The  sulphur  may  be  worth  iavingi  but  I  greatly  doubt  if  the 
fitriolic  acid  be,  T.  €✓ 
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this  application  of  the  pyrites  might,  probably,  be  more 
lucrative  than  the  present  one— making  green  vitriol. 

A  third  circumstance,  which  requires  the  utmost  care 
of  the  lead  smelter,  is  the  leaving  as  little  lead  as  possible 
in  the  slag.  Near  every  smelting-liouse  there  are  thousands 
of  tons  of  slag,  which  when  properly  assayed,  are  found 
to  yield  from  one-eighth  to  one-tenth  of  their  weight  of 
lead ;  though  no  person  has  yet  discovered  a  method  of 
extracting  so  much  from  them  when  smelted  in  large 
quantities  ;  and  indeed  the  smelters  are  so  little  able  to 
obtain  all  the  lead  contained  in  them,  that  in  many  places 
they  never  attempt  to  extract  any  part  of  it :  in  some 
places  where  they  do  attempt  it,  I  have  known  the  pro¬ 
prietor  of  the  slag  allow  the  smelters  20  s.  for  every  pig  of 
lead  they  procured  of  the  value  of  38s.  besides  furnishing 
them  with  fuel :  and  yet  the  men  employed  in  such  an  un- 
wholesome  business,  selclom  made  above  7s.  a  week  of 
their  labour.  This  fusion  of  the  slag  of  a  cupola  furnace 
is  made,  as  has  been  mentioned,  at  a  hearth  furnace  ;  the 
coal  cinder,  which  they  use  as  fuel,  and  the  slag,  are  soon 
melted  by  the  strong  blast  of  the  bellows  into  a  black 
mass,  which,  when  the  fire  is  very  strong,  becomes  a  j)er- 
fect  glass ;  this  black  mass,  even  in  its  most  liquid  state, 
is  very  tenacious,  and  hinders  many  of  the  particles  of  lead  . 
from  subsiding,  and  it  being  from  time  to  time  removed 
from  the  furnace,  a  considerable  quantity  of  lead  is  left  in 
it,  and  thereby  lost.  A  principal  part  of  the  lead  contain¬ 
ed  in  the  slag  of  the  cupola  furnace,  is  not,  I  apprehend, 
in  the  form  of  a  metal,  but  in  the  form  of  a  litharge  or 
calcined  lead :  a  portion  of  the  lead,  in  being  smelted 
from  its  ore,  is  calcined  by  the  violence  of  the  fire  ;  this 
calcined  lead  is  not  only  very  vitrifiable  of  itself,  but  it 
helps  to  vitrify  the  spar  which  is  mixed  with  the  ore,  and 
thus  constitutes  the  liquid  scoriae ;  might  it  not  be  useful 
to  throw  aquantity  of  charcoiil  dust  upon  the  liquid  scoricc 


in  the  cupola  furnace,  in  order  that  the  calcined  lead 
might  be  converted  into  lead,  by  uniting  itself  to  the  in¬ 
flammable  principle  of  the  charcoal  — Iron  will  not  unite 
with  lead,  but  it  readily  unites  with  sulphur,  and,  u  hen 
added  to  a  mixture  of  lead  and  sulphur,  it  will  absorb  the 
sulphur,  leaving  the  lead  in  its  metallic  form ;  might  it 
not  be  useful  to  flux  sulphureous  lead  ores  in  conjunction 
with  the  scales  or  other  refuse  pieces  of  iron,  or  even  with 
some  sorts  of  iron  ore  ? — The  smelter’s  great  care  should 
be  to  extract  as  much  lead  as  possible  at  the  first  opera- 
tion  of  smelting  the  ore,  and  to  leave  the  slag  as  poor  as 
possible ;  but  if  he  should  still  find  either  the  slag  of  the 
cupola  furnace,  or  that  of  the  hearth  furnace,  containing 
much  lead  (as  that  even  of  the  hearth  furnace  certainly 
does),  he  may,  perhaps,  find  it  worth  his  while  to  reduce 
the  slag  into  a  powder  by  a  stamping  mill,  or  by  laying  it 
in  highways  to  be  ground  by  the  carts,  or  by  some  other 
contrivance,  and  then  he  may  separate  the  stony  part  of 
die  slag  from  die  metallic,  by  washing  the  whole  in  wa¬ 
ter,  inasmuch  as  the  metallic  part  is  far  heavier  than  the 
other. 

I  estimated  the  weights  of  several  pieces  of  slag,  and 
found  them  to  differ  very  much  from  each  other ;  this 
dlfl'erence  is  principally  to  be  attributed  to  the  different 
quantities  of  lead  left  in  them. 

Weight  of  a  cubic  foot  of 

Avoir,  02. 

Slag  from  a  cupola  furnace  where  no 
lime  was  used  .  -  - 

Black  slag  from  a  hearth  furnace  -  3652 

Another  piece  -  -  -  -  3612 

Black  slag  from  another  hearth  fur-  7 

nace — struck  fire  with  steel  -  3  ^ 

Black  glass  slag  -  -  .  ,  3371. 

[3  Watson^ s  Chem.  Essays^  272 — 298. 

♦  Tins  is  on  the  Stahli^  or  phlogistic  theory.  T.  C. 
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The  following  article  on  the  smelting  of  lead  from  Dr. 
Rees’s  Cyclopaedia  contains  also  many  remarks  of  practi¬ 
cal  consequence. 

Reduction  of  the  Oresy  or  smelting  of  Lead, 

Two  processes  are  employed  for  the  smelting  of  lead, 
the  one  by  means  of  a  blast  furnace,  called  an  ore-hearth, 
and  the  other  by  means  of  a  reverberatory  furnace.  The 
latter  is  used  throughout  Derbyshire  and  Nortli  Wales, 
and  is  undoubtedly  the  best,  where  coal  is  not  very  scarce. 
In  the  former  of  these  methods  the  ore  and  the  fuel  are 
mixed  together,  and  exposed  to  the  blast.  The  heat  dis¬ 
sipates  the  sulphuret,*  the  ore  being  the  common  sulphu- 
ret  of  lead  or  galena.  A  portion  of  the  lead  is  oxydated^ 
which  facilitates  the  vitrification  of  the  earthy  parts  of  the 
ore,  and  of  the  fuel.  These  together  constitute  tlie  slag 
or  scoriae.  The  metallic  lead  falls  into  the  lower  part 
of  the  hearth,  and  is  defended  from  the  oxygen  of  the 
blast  by  the  scoriae,  which  is  fluid  upon  its  surface.  The 
liquid  lead  is  let  off  from  time  to  time,  alw  ays  retaining  a 
portion  for  the  scoriae  to  float  upon.  When  the  whole  of 
the  lead  is  to  be  drawn  off,  the  blast  must  be  stopped,  and 
some  lime  thrown  upon  the  liquid  scoriae,  which  renders 
it  concrete,  while  the  lead,  being  still  liquid,  can  be  run 
off. 

The  reverberatory  furnace  employed  for  smelting  lead 
is  made  on  the  same  plan  with  those  commonly  used  for 
puddling  iron,  differing  in  size,  and  a  few  other  particu¬ 
lars.  The  fire  is  made  at  one  end,  and  the  flame  plays 
over  the  hearth,  entering  an  oblique  chimney  at  the  end, 
which  terminates  in  a  perpendicular  one,  of  considerable 
height.  The  length  of  the  hearth,  from  the  place  where 
the  fire  enters,  to  the  chimney,  is  11  feet ;  two  feet  of 
this  length  next  the  fife  constitutes  the  throat  of  the  fur- 
nace ;  the  width  of  the  same  is  four  feet,  and  its  depth 
♦Rather  the  sulphur.-— T.  C. 
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about  six  inches ;  the  length  of  the  fire-place  is  four  feet, 
equal  to  the  width  of  the  throat ;  its  width  two  feet,  and 
depth  three  feet,  from  the  grate  up  to  the  throat  of  the  fur¬ 
nace.  The  rest  of  the  hearth  is  a  concave  surface  nine 
feet  long,  four  and  a  half  feet  wide  at  the  throat  of  the 
furnace,  seven  feet  four  inches  wide  at  the  distance  of  two 
feet  from  the  throat,  seven  feet  two  inches  in  the  middle 
of  the  hearth,  five  feet  eleven  inches  at  two  feet  distance 
from  the  chimney,  and  two  feet  ten  where  the  flame  enters 
the  chimney  at  two  apertures,  each  ten  inches  square. 
These  apertures  terminate  in  the  oblique  part  of  the  chim¬ 
ney,  the  section  of  which  is  16  inches  square,  which  com¬ 
municates  with  the  main  chimney,  the  section  of  which  is 
twenty  inches  square,  supposing  a  straight  horizontal  line, 
drawn  from  the  lower  plane  of  the  throat  of  the  chimney 
to  the  opposite  side  of  the  furnace ;  tlie  lowest  part  of  the 
concave  hearth,  which  is  in  the  middle  of  this  cavity,  is 
nineteen  inches  below  this  line,  the  roof  of  tlie  furnace  be¬ 
ing  seventeen  inches  above  the  same  line  :  the  rest  of  the 
hearth  is  conformably  concave. 

On  each  side  of  the  furnace  are  three  openings,  each 
about  ten  inches  square,  provided  with  iron  doors,  to  be 
removed  as  occasion  may  require.  They  are  arranged  at 
equal  distances  from  each  otlier,  between  tlie  commence¬ 
ment  of  the  hollow  hearth  and  the  entrance  into  the  chim¬ 
ney.  The  lower  part  of  these  apertures  is  on  a  level  with 
the  horizontal  line  above  alluded  to,  being  for  the  purpose 
of  stirring  and  raking  the  ore,  &c.  Besides  the  larger 
openings  there  are  two  small  apertures,  one  below  the 
k\rge  middle  opening,  and  nearly  on  a  level  with  the  bot¬ 
tom  of  the  furnace ;  the  other  under  that  next  to  the  chim¬ 
ney,  at  some  distance  above  the  first  aperture.  The  first 
is  a  tap-hole  for  the  lead,  and  the  second  for  tlie  scoriae. 
The  ore  is  introduced  by  a  vessel  in  the  shape  of  a  hopper, 
placed  in  the  roof  of  the  furnace. 
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Previous  to  the  ore  being  smelted,  it  requires  to  be  se- 
parated  as  much  as  possible  from  the  earthy  matter  in 
which  it  is  imbedded.  Although  galena,  which  is  the  ore 
used  for  smelting,  is  most  frequently  accompanied  by 
sulphat  of  barytes,  fluats  and  carbonat  of  lime,  it  is  found 
to  exist  in  crystallized  distinct  masses,  and  can  be  sepa¬ 
rated  from  it  by  mechanical  means  to  a  tolerable  extent. 
The  whole  of  the  ore,  with  tlie  earthy  matter,  is  pounded 
to  a  certain  degree  with  hammers ;  this  is  chiefly  perform¬ 
ed  by  women.  In  some  places,  however,  it  is  broken 
down  by  passing  it  through  iron  rollers  pressed  togetlier 
by  great  weights.  After  the  ore  has  been  thus  reduced, 
the  earthy  matter  is  separated  by  washing.  The  pou  der 
to  be  washed  is  introduced  into  a  sieve  or  riddle,  and 
placed  in  a  large  tub  full  of  water.  By  a  certain  motion 
given  to  the  riddle,  the  lighter  or  earthy  parts  are  throAvn 
over  the  edge  of  the  same,  while  the  galena,  by  its  greater 
specific  gravity,  is  retained.  This  process  requires  great 
dexterity,  which  can  be  acquired  by  experience  only. 
There  are,  however,  some  impurities  which  cannot  be 
separated  by  this  mechanical  process,  and  are  generally 
smelted  with  the  ore.  These  are  blind^  or  black’jcicfcy 
called  by  the  smelter  rnock  ore,  pyrites,  or  sulphurct  of 
iron,  named  brazil  bv  the  workmen.  When  the  ore 
abounds  much  with  these  substances,  the  process  of 
smelting  is  more  difficult,  and  requires  an  extra  assistance 
of  flux  to  reduce  it. 

In  the  state  above  described,  the  ore  is  introduced  at  the 
hopper  in  thiC  middle  of  the  rt)of  of  the  furnace,  and  spread 
upon  the  concave  hearth,  to  expose  it  as  much  to  the  flame 
as  possible,  in  order  to  facilitate  the  escape  of  the  sulphur. 
This  should  be  performed  by  a  long  continued  heat  which 
is  not  violent^  in  order  that  tlie  sulphurct  itself  may  not 
be  volatilized,  an  effect  which,  more  or  less,  always  takes 
place.  The  moment  the  sulphur  has  left  the  lead,  it  bc- 
*  Blende.  '  Sulphurct  of  zinc. — T.  C. 
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gins  to  combine  with  oxygen.  The  oxyd  of  lead,  thus 
formed,  combines  with  the  earthy  matter,  which  it  ren¬ 
ders  so  fusible  as  to  become  liquid  upon  the  sulphur  of 
the  melted  lead,  and  defends  it  from  the  future  action  of 
the  oxygen.  At  this  stage  of  the  process  the  fire  is  raised 
to  separate  as  quickly  as  possible  the  melted  lead  from  the 
Kquid  scorise.  The  latter  is  now  let  off  at  the  upper  tap- 
hole,  leaving  a  small  portion  still  upon  the  lead  to  pre¬ 
serve  it  from  the  air.  The  fire  at  this  period  is  lowered, 
and  a  quantity  of  coal-slack  tlirown  in  upon  the  melted 
mass.  Tiiis  serves  as  well  to  facilitate  the  cooling,  and 
to  cause  the  reduction  of  some  oxyd  of  lead,  which  also 
tends  to  stiffen  the  melted  scorise.  This  last  effect,  how"- 
cver,  is  not  produced  sufficiently,  till  a  quantity  of  pow^- 
dered  lime  is  tlirown  into  the  furnace.  By  this  treatment 
the  remaining  scoriae  becomes  concrete,  and  is  tlien  bro¬ 
ken  to  pieces  and  pushed  to  the  opposite  side  by  means  of 
a  rake,  and  taken  out  of  the  furnace  at  the  different  open¬ 
ings  on  the  same  side.  The  liquid  lead  is  now  let  out, 
at  its  projxjr  aperture,  into  a  large  iron  pan,  or  cistern, 
from  whence  it  is  laded  into  moulds  to  cast  into  pigs. 
Tlie  furnace  is  now  ready  to  be  cliarged  again.  When 
the  ore  abounds  w  ith  much  impurity,  the  oxyd  of  lead  is 
not  sufficient  to  give  the  proper  degree  of  liquidity  to  the 
scoriae.  ‘In  this  case  a  certain  quantity  of  fluat  of  lime  is 
added,  which  hi^  tlic  property  of  forming  a  very  fusible 
compound  with  sulphat  of  bar)  tes,  an  ingredient  very 
common  in  the  ore. 

This  flux  has  been  used  from  time  immemorial  for  the 
same  purpose,  and  has  no  doubt  derived  its  name  from  its 
properties  as  a  flux. 

'riieeoncrete  scoriae,  wiiich  is  t;aken  out  oftlie  furnace, 
is  found  to  contain  some  lead,  independent  of  that  in  the 
state  of  oxyd,  and  chemically  combined.  This  is  gene¬ 
rally  lodged  in  tlie  cavities  of  tl^e  spongy  mass.  These 
VoL.  III.  C  c  ^ 
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masses  are  taken  to  a  kind  of  blast  furnace,  called  a  slag- 
hearth.  By  this  second  fusion  of  the  scoriae,  the  lead 
drops  through  the  liquid  mass  into  the  lower  part  of  the 
hearth,  where  it  is  not  acted  upon  by  the  blast,  and  from 
thence  is  let  off  and  cast  into  pigs.  This  lead  is  said  to 
be  of  an  inferior  quality.  Some  ores  of  lead  contain  sil¬ 
ver.  The  great  affinity  of  lead  for  that  metal  is  such,  that 
the  whole  of  it  is  found  in  the  lead,  from  whence  it  is  af¬ 
terwards  separated.  \JiTenvstefs  Cyclopadia. 

On  the  Smelting  of  Lead. 

Dear  Sir — Most  of  the  lead  of  commerce  is  obtain¬ 
ed  from  that  species  of  ore  which  is  by  mineralogists  call¬ 
ed  galena^  patterns  ore^  or  sulphuret  of  lead.  Indeed,  it 
is  the  only  species  of  lead  ore  which  is  found  in  sufficient 
quantities  to  be  worth  working. 

There  are  many  other  species  of  lead  ore  met  witli  oc¬ 
casionally  ;  but  these,  occurring  but  seldom,  are  regard¬ 
ed  as  curiosities,  and  are  generally  carefully  selected  for  the 
cabinet  of  the  mineralogist,  or  as  ornaments  for  the  man- 
tlepiece  of  the  miner. 

The  ore,  as  it  is  first  raised  from  the  mine,  is  mixed 
with  a  considerable  proportion  of  the  matrix  or  gangue  of 
the  vein,  from  which  it  must  be  in  great  measure  freed 
before  it  is  fit  for  the  operation  of  smelting. 

For  this  purpose,  the  ore  is  delivered  to  the  dressers y 
who  either  break  it  into  small  pieces  with  hand-hammers 
of  a  peculiar  construction,  which  are  called  buckersy  or  it 
is  passed  between  rollers  worked  by  machinery,  or  un¬ 
der  stampers.  It  tlien  undergoes  the  operation  of  wash¬ 
ing,  to  separate  it  from  the  lighter  foreign  matter,  after 
which  it  is  ready  for  the  smelter. 

Construction  of  the  Ore  Hearth. 

The  smelting  of  lead  is  performed  differently  in  different 
districts.  Li  most  parts  of  the  North,  particularly  in 
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Cumberland,  Durham,  and  Northumberland,  smelting  is 
performed  in  the  ore  hearth  by  means  of  bellows.  In 
some  parts  of  Yorkshire,  in  Derbyshire,  and  in  North 
Wales,  lead  is  smelted  in  reverberating  furnaces :  this 
kind  of  snaelting  is  distinguished  from  the  other  by  the 
name  of  cupola  smelting  :  each  of  these  methods  has  its 
advocates. 

The  superiority  of  either  depends  much  on  local  cir¬ 
cumstances,  and,  perhaps,  also  on  the  skill  of  the  work^ 
men. 

Ore-hearth  smelting  shall  be  first  described. — To  ren^ 
der  the  descriptiou  intelligible,  it  will  be  necessary  to 
commence  with  a  description  of  the  heardi. 

Fig.  1,  of  the  plate,  is  a  sketch  of  the  hearth  :  it  is  con¬ 
structed  principally  of  pieces  of  cast  iron,  which  are  called 
generally  iron  stones  or  metal  stones ;  each  different  cast¬ 
ing  has  a  distinguishing  name :  they  are  the  (a)  pan,  (6) 
back,  (c)  pipe-stone,  (rf)  spark-stone,  (e)  bearers,  {/*) 
keys,  (^)  fore-stone,  and  the  (A)  work-stone. 

The  hearth  is  erected  under  a  spacious  chimney,  and 
nearly  in  the  centre  one  side  of  it  is  called  the  water-side, 
Ixring  near  the  water-wheel,  which  urges  tl;e  bellows ;  the 
opposite  is  called  the  land-side. 

Figs.  2  and  3  are  plans  and  sections  of  the  ore-hearth : 
the  same  letters  in  the  different  figures  are  pjaced  to  the 
same  parts. — (i)  the  floor  of  the  smelting-house,  (k)  the 
back  of  the  chimney,  (/)  the  front  of  the  chimney,  (m)  the 
foundation  on  which  the  hearth  is  constructed :  it  is  built 
of  rough  masoniy^  and  levelled  and  run  in  at  the  top  with 
thin  mortar  or  grout ;  the  pan  or  bottom  of  the  hearth  is 
laid  steadily  in  mortar  on  this  bed :  upon  the  posterior 
part  of  the  pan  is  placed  the  back,  its  face  being  even  with 
the  inner  edge  of  the  pan. 

The  work-stone  is  next  arranged ;  its  upper  edge  three 
or  four  inches  from  the  anterior  part  of  the  p^,  and  pa- 
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rallel  with  the  back ;  the  bearers  arc  placed  on  the  sides  of  t 
tlie  pan,  one  end  of  each  butting  against  the  back,  die 
other  ends  resting  on  die  upper  edge  of  the  work-stone. 

Two  thin  pieces  of  stone,  (about  half  an  inch  thick,)  ge¬ 
nerally  slaty  sandstone,  are  laid  on  the  back,  and  on  these 
is  placed  the  pipe- stone,  the  inner  face  of  which  overhangs  | 
the  back  near  an  inch.  The  keys  are  set  on  the  bearers, 
their  faces  even  with  them;  two  pieces  of  brick  are  set 
on  edge  on  the  bearers,  next  to  the  ke}  s,  and  on  these,  a  ? 

few  inches  from  the  keys,  rests  the  fore- stone ;  the  spark- 
stone  laid  on  the  pipe- stone  completes  die  hearth.  . 

Before  laying  die  foundation,  a  large  flat  stone  [n)  call-  ^ 
ed  the  cheek-stone  is  fixed  firmly  in  the  ground,  and  de¬ 
termines  the  extent  of  the  land-side  of  the  heartli ;  the  | 

spaces  between  die  water-side,  die  back  of  the  chimney,  | 

and  the  cheek- stone  are  filled  up  with  pieces  of  sand-  v 

stone,  bricks,  or  old  iron-stones,  and  the  interstices  level-  | 

led  up  with  dust.  The  fore- stone  is  ivedged  tight  by  its  | 

ends,  generally  against  two  old  keys.  . 

The  space  between  die  pan  and  the  work- stone  is  filled  f 

with  a  mixture  of  bone  and  fern  ashes  M  ell  beaten  in,  and  1. 

those  between  the  keys  and  the  ends  of  the  fore-stone  with 
stiffelay.  ^ 

Care  is  taken  in  constructing  the  hearth  to  lay  the  bear-  I 
ers  square^  or  at  right  angles  with  the  back,  and  also  to  I 
direct  the  blast  immediately  through  the  centre.  I 

The  hearth  being  completed,  the  operation  of  smelting  1 
commences  with  kindling  the  fire.  The  wliole  space  be-  J 
tween  the  fore-stone  and  back  is  filled  with  jxrats  or  chop-  | 

wood  :  an  ignited  peat  or  live  coal  being  placed  in  the  1 

midst,  the  bellows  are  set  to  work  :  as  soon  as  the  com-  I 
bustibn  is  sufficiently  advanced,  or  that  the  whole  arc  well 
on  fire,  one  of  the  smelters  (there  are  two  to  each  hearth)  t 
tlirows  a  few  shovels  of  half- smelted  ore,  (the  remains  of 
the  last  operation  of  smelting,)  which  is  termed  brQiisc,  r 

r 
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on  the  top  of  the  fire,  gradually  adding  more  as  the  con- 
tents  of  the  hearth  settle;  he  also  adds  a  few  small  coals 
occasionally  to  keep  up  the  combustion ;  when  the  whole 
of  the  brousc  is  thrown  on  the  hearth,  the  other  smelter 
watches-out;  that  is,  with  a  long  pointed  crow-bar,  called 
a  gavel  or  gable- hook,  he  stirs  up  the  whole  of  the  brouse, 
and  brings  forward  a  great  part  of  it  upon  the  work -stone  : 
this  is  effected  by  introducing  the  gable- hook  into  the 
hearth  six  different  times,  in  the  following  order  ;  he  first 
forces  it  under  the  brouse  a  few^  inches  on  one  side  the 
centre,  until  the  point  touches  the  back  ;  he  then  forces  as 
low'  down  as  he  can  the  end  he  holds  in  his  hand ;  this 
lightens  up  the  contents  of  the  hearth,  and  as  the  bar  is 
withdrawal,  a  part  of  the  hot  brouse  comes  forward  on  the 
w  ork-stone ;  the  gable-hook  is  then  entered  below  the 
brouse,  about  the  same  distance  from  the  centre,  on  the 
other  side,  w  here  the  same  operation  is  performed  :  it  is 
next  introduced  close  to  the  side  of  the  hcartli ;  here  tlie 
w^erkman  forces  the  end  of  the  gable- hook  from  him,  at 
the  same  time  he  presses  it  down,  so  as  to  bring  the  point 
of  the  bar  into  the  middle  of  the  hearth ;  this  brings  part 
of  the  brousc,  w  hich  was  next  the  side,  into  the  middle, 
and  what  was  in  front,  out  on  the  w'ork- stone.  The  gable- 
hook  is  again  introduced  in  the  same  place,  and  the  point 
raised  close  to  the  side,  to  remove  any  brouse  that  may 
adhere  to  the  bearer  or  key.  The  same  operation  is  per¬ 
formed  at  the  other  side,  to  remove,  the  brouse  from  thence 
also.  Whilst  the  w  atcher  is  performing  his  part,  the  man 
who  supplied  the  hearth,  and  who  is  called  the  sctter-oii, 
thrusts  his  shovel  down  into  the  hearth,  a  little  below  the 
entrance  of  the  blast,  and  forces  the  brouse  sufficiently  for¬ 
ward  to  allow  him  to  place  a  jieat  or  a  handful  of  chop- 
wood  horizontally  before  the  orifice  of  the  bellows  :  tliis 
he  generally  gets  done  nearly  as  soon  as  the  other  has 
finished  watching,  who  changes  his  gable-hook  for  a  sho- 
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vel ;  the  setter-on  comes  to  the  front  with  his  shovel,  and 
they  together  tlirow  the  whole  of  the  brouse  again  into  the 
hearth,  over  the  fore- stone,  with  a  small  quantity  of  coal 
as  they  see  necesSar}’',  carefully  separating  the  slags,  which 
they  throw  into  a  comer,  and  breaking  down  the  larger 
masses  of  brouse  :  wlien  the  whole  is  in  the  hearth,  the 
setter-on  goes  again  to  the  side,  levels  the  top  of  the  brouse, 
and  covers  it  with  fresh  ore,  laying  this  thickest  against 
the  spark-stone :  the  working  of  the  hearth,  after  watch¬ 
ing,  called  setting-up.  When  a  hearth  is  well  set-up, 
and  works  properly,  witliout  an  excess  of  coals  or  blast, 
and  pretty  free  from  slags,  small  reddish  white  flames  is¬ 
sue  from  all  parts  of  the  breast,  from  below  the  fore- stone, 
nearly  to  the  edge  of  the  work-stone  :  these  flames  should 
not  issue  more  than  a  few  inches  from  the  breast.  The 
hearth  does  not  continue  long  in  this  state  ;  as  tlie  peat 
burns  away,  the  blast  is  less  equally  distributed ;  it  forces 
itself  through  more  in  some  parts  than  in  others  ;  the  co¬ 
vering  at  the  top  is  perforated,  or,  perhaps,  perfectly  ig¬ 
nited,  and  the  whole  mass  is  condensed  and  settled  in  con¬ 
sequence  of  the  evaporation  of  one  part  of  the  ore,  and  the 
separation  of  the  metal ;  copious  blucish  flames  issue  from 
two  or  three  parts  of  the  hearth,  as  if  occasioned  by  the 
combustion  of  some  metal.  The  brouse  must  be  again  - 
watched-out,  a  new  peat  put  in,  and  more  ore  thrown  on 
the  top.  The  operations  of  watching  and  setting-up  re- 
quire  to  he  repeated  about  every  three  minutes.  After  a 
few  times  setting-up,  the  metallic  lead  begins  to  flow 
down  the  channel  of  the  work- stone,  into  a  pot,  where  it 
is  kept  hot  until  collected  in  sufficient  quantity  to  cast  a 

p5g-  ; 

It  is  necessarj",  for  the  easy  management  of  the  hearth, 
that  a  considerable  quantity  of  fluid  lead  should  remain  in 
the  bottom  for  the  brouse  to  float  on.  The  watcher,  after 
throwing  up  the  brouse,  allows  the  lead  to  flow  freely 
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do^vn  the  gutter  for  a  short  time,  and  then  prevents  any 
more  escaping,  by  lightly  raising  up  the  brouse  against  the 
gutter  with  the  comer  of  his  shovel. 

Two  men  will  smelt  about  six  bings  of  good  ore  a  day, 
and  from  these  produce  24  pigs  of  lead,  we^hii^  1541bs. 
each. 

It  is  advisable  to  draw  the  hearth  at  the  end  of  every 
twelve  hours,  in  order  that  it  may  cool ;  for  a  cool  hearth 
works  pleasanter,  and  makes  better  produce  than  one  which 
has  been  suffered  to  heat.  The  hearth  should  be  drawn 
about  two  watchings  after  throwing  on  the  last  of  the  six 
bings  of  ore.  As  soon  as  the  hearth  is  watched-out  the 
last  time,  the  action  of  the  bellows  is  stopped,  and  the 
smelters  draw  out  the  whole  of  the  hot  brouse  with  their 
shovels,  and  throw  it  on  the  floor  to  cool,  picking  out  such 
slags  as  they  may  observe  ;  they  also  romovc  whatever 
adheres  to  the  sides  or  back. 

If  the  hearth  has  been  properly  attended,  and  a  due  pro¬ 
portion  of  fticl  used,  it  will  scarcely  appear  hotter  m  one 
part  than  another ;  and,  if  it  has  been  working  with  a  free 
ore,  should  not  appear  liotter  than  a  very  dull  obscure  red 
heat. 

With  a  free  ore,  the  heartli,  when  fresh  set-up,  works 
as  before  described,  the  blast  finding  its  way  equally 
through  all  parts  of  the  breast.  The  brouse,  when  w  atch¬ 
ed-out,  is  dry,  and  mostly  in  small  pieces,  the  slags  firm, 
and  easily  distinguished  by  their  cavernous  appearance 
and  brighter  colour,  and  the  lead  flow^s  from  the  hearth 
scarcely  red  hot.  Lead  ore,  which  contains  much  silver 
or  copper,  or  which  has  not  been  properly  cleared  from 
the  gangue  with  which  it  is  mixed  in  the  vein,  requires 
particular  attention  on  the  part  of  the  smelter :  instead  of 
working  dry  and  open,  it  becomes  soft  and  pasty ;  the 
slag,  instead  of  separating  in  firm  pieces,  is  diffused 
through  the  whole  like  a  half-melted  scoria,  and  the  least 
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iiiattaition  to  the  lire  w  ill  set  the  whole  contents  of  the 
hearth  into  a  solid  mass,  or  cause  it  to  boil  and  fl(nv  down 
in  a  liquid  state  on  the  work -stone — the  lead  flow's  very 
hot,  and  tlie  hearth  appears  hot  and  foul.  The  addition 
of  lime  is  necessary  to  correct  this  defect  in  the  ore,  w  hich 
combining  with  the  fluid  scoriae,  solidifies,  and  thus  as¬ 
sists  its  collecting  in  masses  :  care  should  be  taken  not 
to  add  more  lime  than  is  absolutely  necessary  for  the  pur- 
jx)se  intended,  as  all  extraneous  matter  throwm  in  with  the 
ore  lessens  the  produce  of  lead. 

The  substances  which  arc  found  to  render  the  ores  of 
lead  refractor}',  when  mixed  with  them,  are  cawk,  {sul- 
plicite  of  barytes,)  blackjack,  [blende  or  sidphuret  of  zinc,) 
sulphur,  [iron  pyrites,)  and  silver,  or  copper,  when  they 
are  contained  in  the  ore  in  larger  proportions  than  usual. 

I  have  always  considered  that  these  substances  render 
an  ore  refractory  by  the’ extra  quantity  of  sulphur  they 
bring  with  them.  I  do  not  think  the  earth  or  metals  alone 
w’ould  produce  any  visible  effect  in  the  smelting  ;  and  I 
am  almost  confirmed  in  this  opinion,  by  repeatedly  ob¬ 
serving  the  effect  produced  by  roasting  the  ore  previous  to 
smelting ;  it  w  orks  more  pleasantly,  requires  less  lime  and 
fuel,  and  gives  a  better  produce. 

The  cjuality  of  the  coals  materially  affects  the  working 
of  the  hearth  and  tlic  produce  of  lead  ;  tliose  which  are 
free  from  sulphur,  and  which  Icixyc  but  little  residuun* 
after  combustion,  arc  the  best  fitted  for  smelting. 

The  lead  which  is  separated  directly  from  the  ore,  is 
CiJled  ore  lead,  or  common  lead,  to  distinguish  it  from 
that  which  is  the  result  of  a  subsequent  process. 

Slag-hearth  Smelting. 

The  slags  or  scoriae  separated  in  the  process  of  orc- 
hearth  smelting,  consist  of  the  infusible  part  of  the  ore,  the 
ashes  of  the  coals,  peats,  &c.  scmi-vitrified  and  aggluti- 
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Dated  by  a  quantity  of  oxyd  of  lead  produced  by  the 
action  of  the  blast ;  tliey  contain  also  particles  of  metallic 
lead  dispersed  through  their  substance,  and  not  unfre- 
quently  unreduced  ore. 

These  scoria,  which  are  technically  named  gray  slags^ 
vary  considerably  in  the  quantit}'  of  lead  the}-  contain,  but 
the  poorest  hold  a  sufficient  quantity  to  pay  the  expense 
of  smelting. 

As  it  is  necessary  to  bring  these  slags  to  a  perfect  fu¬ 
sion  to  separate  the  lead,  a  furnace  capable  of  producing 
a  more  intense  heat  than  the  ore-hearth  is  requisite.  -The 
plate  contains  plans,  sections,  &c.  of  the  slag  hearth,  in 
which  the  same  letters  are  applied  to  the  same  parts  in  the 
different  figures.  Fig.  1  is  a  i^rspective  view  of  the 
hearth  ;  Fig.  2  a  plan  ;  and  Fig.  3  a  perpendicular  section; 

(a)  a  cast-iron  plate,  which  forms  the  bottom  of  the 
hearth :  an  old  work- stone  is  generally  used  for  this 
purpose  ;  what  it  wants  in  dimensions  is  supplied  by 
other  old  castings,  refuse  of  the  ore-hearth :  the  bottom  is 
laid  in  fine  dust  u  hich  has  been  dam[x:d  a  litdc,  and  well  * 
rammed ;  on  the  lx)ttom  is  placed  tlie  back  (4)  which  is 
formed  of  tlirec  or  four  old  bearers  laid  on  each  other ; 
on  the  centre  of  the  back  is  placed  the  tuyre,  or  as  it  is 
generally  called  the  tue-iron.  The  pipe-stone  (r)  is  bed¬ 
ded  in  tempered  clay  on  the  back  ;  it  is  a  block  of  free¬ 
stone  about  15  or  18  inches  square,  and  30  long,  hollow¬ 
ed  out  on  the  underside  to  fit  the  tuyre.  Two  old  bear¬ 
ers  {dd)  about  18  inches  apart,  and  placed  at  right  angles 
with  the  back,  against  which  tlicir  ends  butt,  form  the 
lower  part  of  the  sides ;  on  these,  two  blocks  of  free¬ 
stone  (eej,  about  15  by  18,  and  in  length  equal  to  the 
height  of  the  pipe- stone,  are  placed  on  end ;  the  front  is 
built  ehtirely  with  old  castings,  the  lower  one  resting  on 
the  ends  of  the  side  be;ii'ers. 
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The  spaces  between  the  back  of  the  chimiicy,  the  side 
and  the  cheek  stone,  are  filled  with  old  castings,  bricks,  or 
pieces  of  stone,  and  the  joints  filled  up  with  dust  or  ashes ; 
the  space  left  between  the  bottom .  of  the  heartli  and  the 
tower  front  bearer  is  called  the  breast ; — (f)  is  the  siunp 
or  pot  to  contain  the  lead,  as  it  flow  s  from  the  hearth  ; 
the  space  between  the  breast  and  the  sump  is  paved  with 
old  castings  imbedded  in  dust,  and  the  joints  filled  w  itli 
thin  mortar  grout ;  near  the  siinip  is  a  mould  for  casting 
the  lead  into  pigs. 

The  hearth  is  prepared  for  working,  by  slightly  ram¬ 
ming  into  the  bottom  a  quantity  of  coal  ashes  ;  the  sump 
is  also  filled,  and  the  space  between  it  and  the  breast ;  the 
dottedpart  fig.  3,  represents  the  coahishes:  the  fire 

is  next  lighted,  and  when  the  interior  of  the  hearth  has  ac¬ 
quired  a  good  red  heat,  the  smelter  throws  on  a  few  sho¬ 
vels  full  of  gray  slags  (w  hich  have  been  previously  broken 
to  the  size  of  an  egg),  and  as  the  hearth  settles,  occasion¬ 
ally  adds  fuel  or  more  slags  as  may  be  required  :  in  a  few^ 
iTunutes  after  charging  with  the  slags  a  small  perforation 
is  made  in  the  breast  by  passing  a  pointed  iron  rod 
through  the  ashes  close  to  the  bearer ;  the  liquid  scoriae 
and  lead  flow  tlirough  this  opening  down  the  inclined 
plane  formed  by  the  ashes ;  as  tliey  become  hot  the  lead 
filters  through  them,  and  finds  its  w^ay  into  the  sump  ;• 
the  scoriae  from  its  viscidity  remaining  on  the  surface, 
from  whence  it  is  removed  occasionally  as  it  cools  and  be¬ 
comes  hard. 

The  slag  hearth  is  continued  working  for  12  or  14 
hours,  the  smelter  adding  materials  occasionally  as  requir¬ 
ed,  and  judging  of  the  proportion  of  fuel  by  the  heat  and 
appearance  of  the  fluid  scoria. 

At  the  conclusion  of  the  day’s  work  the  hearth  is  suffer¬ 
ed  to  burn  down  as  low  as  possible  ;  and  when  the  scoria 
ceases  to  flow,  tlie  bellows  are  stopped,  the  scoria  on  the 
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bed  of  ashes  removed,  and  the  lead  which  has  collected  in 
the  sump  is  cast  into  pigs.  Cool  ashes  are  next  spread 
over  the  hot  bed,  and  the  hearth  drawn  and  cleared  from 
what  remains  in  it,  and  when  moderately  cooled,  prepare 
ed  with  a  bottom  of  ashes  for  a  succeeding  day’s  work. 

The  principal  art  in  working  a  slag  hearth  is  to  keep  a 
proper  noze^  and  to  have  the  hearth  light  and  open  in 
front,  otherwise  the  blast  does  not  work  well  and  diffuse 
itself  equally  through  all  parts,  but  forces  itself  up  behind 
and  very  soon  destroys  the  pipe- stone. 

The  noze  is  a  protuberance  which  surrounds  the  orifice, 
through  which  the  blast  passes ;  it  is  formed  by  the  vit¬ 
rified  slags  trickling  down  the  pipe-stone,  and  cooled  by 
the  blast  as  it  enters  the  hearth.  With  very  fusible  slags  it 
is  sometimes  difficult  to  get  a  proper  noze  to  form,  and 
with  refractory  slags  to  keep  it  of  a  moderate  size.  With 
too  large  a  protuberance,  the  hearth  works  most  at  front ; 
with  too  small,  chiefly  at  tlie  back.  •' 

In  general  a  noze  may  be  prevented  growing  too  large, 
l)y  laying  the  fuel  principally  near  the  pij^-stone,  and  oc¬ 
casionally  forcing  in  a  pricker  through  the  tuyre. 

A  noze  may  be  enlarged  by  a  contrary  situation  of  the 
fuel,  and  throwing  in  close  to  the  pipe-stone  a  few  shovels 
of  dust  and  ashes  from  the  top  of  the  hearth. 

The  fuel  used  at  tlie  slag  hearth  is  coke. 

The  scoria,  the  refuse  of  the  operation  in  the  slag 
hearth,  is  called  black  slag ;  it  contains  a  portion  of  me¬ 
tallic  lead  which  is  separated  by  stamping  and  wash¬ 
ing. 

The  lead  obtained  by  the  slag  health  is  hard  and  sono¬ 
rous  ;  it  is  of  an  inferior  quality,  and  unfit  for  many  of  the 
purposes  to  which  coipmon  lead  is  applied. 


Cupola  Smelting.  . 

For  tlic  metliod  of  smelting  lead  by  tlie  cupola  funwcc 
as  prmcipally  practised  in  Derbyshire,  I  refer  to  Watson’s 
Chemical  Essays ;  a  more  correct  or  interesting  account 
cannot  be  given,  (already  inserted). — 38  Phil.  Mag.  371. 


The  process  for  refining  Leady  as  practised  in  England. 

In  a  letter  from  Mr.  John  Sadler. 

WITH  TWO  ENGRAVINGS.* 

MY  dear  Sir — Citizen  Duhamel,  in  his  Memoir  on 
the  refining  of  Lead  in  the  large  way,  lias  given  a  sketch 
of  the  process  used  in  England  ;  if  you  think  the  follow, 
ing  more  detailed  description  will  be  acceptable  to  the 
readers  of  the  Philosophical  Journal,  it  is  at  your  ser¬ 
vice. 

The  object  of  refining  lead  is  not  merely  on  account 
of  the  silver  it  contains,  but  to  procure  it  as  free  as  |X)s. 
sible  from  the  other  metals  with  which  it  is  usually  al¬ 
loyed,  and  to  procure  litharge.  The  silver  is  only  an 
object,  so  far  as  it  helps  to  pay  the  expense  of  refin¬ 
ing. 

Tlic  lead  produced  at  the  smelting  hearths  or  furnaces 
in  England  is  never  perfectly  pure ;  it  is  always  alloyed 
with  a  portion  of  silver,  and  most  commonly  with  one  or 
most  of  the  following  metals  ;  namely,  zinc,  antimony, 
copper,  and  arsenic ;  which  render  it  unfit  for  some  of  the 
purposes  to  which  lead  is  applied. . 

The  operation  of  refining  is  founded  on  the  facility 
with  which  lead  is  oxydated  when  exposed  to  heat  in 
contact  .with  atmospheric  air,  and  the  peculiar  proj)ertics 
tlie  oxyds  of  lead  possess ;  being  easily  fused,  and  in  that 
^tate  oxydating  and  combining  with  most  of  ti»e  metals  ; 
gold,  silver,  and  platina  excepted. 

*  Tlicse  will  be  given  in  the  next  number. 
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The  lead  to  be  refined  is  exposed  to  tlie  action  of  heat 
and  air  upon  a  cupel  or  testy  composed  of  a  mixture  of 
bone  and  fern  ashes,  in  a  reverberatory  furnace ;  the  de- 
scription  of  which,  with  the  different  manipulations,  are 
as  follows: 

The  refining  furnace  is  composed  of  good  solid  mason- 
ry,  bound  together  with  iron  bolts.  It  differs  very  little 
in  its  construction  from  die  common  reverberatory  fur- 
nace,  except  the  bottom,  which  is  perforated  to  receive  the 
test  or  cupel. 

Fig.  1,  plate  I,  of  the  refining  furnace  is  a  perspective  view 
of  the  furnace  with  its  iron  work ;  a  the  teazing  hole,  b  aper¬ 
ture  by  which  the  test  is  supplied  with  lead,  c  an  arch  or 
dome  over  the  feeding  hole,  communicating  with  the  furnace 
stack  by  a  flue,  d  area  or  space  where  the  test  is  taken  in 
and  out  the  furnace,  ee  two  strong  iron  bars  to  support 
the  test  when  in  its  place,y*cast  iron  pot  set  in  masonry,  the 
flue  passing  into  the  stack  of  the  furnace,  g.  the  stack,  p 
the  ash  pit,  q  an  iron  bar  to  slide  the  ladle  on  when  feeding 
the  test. 

Fig.  2,  a  pcrpendiculai*  section  of  the  furnace  showing 
the  test  iy  supported  in  its  place  under  the  opening  of  tlie 
bottom  of  the  furnace  by  the  two  wedges  rr  ;  k  aperture 
for  the  nozzle  of  the  bellows,  s  fire  bar  resting  on  the 
bearers. 

Fig.  3,  plan  of  the  interior  of  the  furnace  ;  /  part  of 
the  bellows,  hh  flues  from  the  body  of  the  furnace  to  the 
stack. 

The  same  letters  in  the  different  plans  are  meant  to  de¬ 
note  the  same  parts,  in  the  next  plate. 

Plate  II,  fig.  1,  plan  of  die  iron  frame  into  which  the 
mixture  of  bone  and  fern  ashes  is  rammed  to  form  the  test. 
This  frame  is  something  larger  than  the  elliptical  hole  in 
the  bottom  of  the  furnace. 
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Figs.  2  and  3,  plan  and  section  of  tlie  test ;  'm  die  part 
which  contains  the  lead  to  be  refihed,  n  breast  of  the 
test,  00  small  gutters  or  channels  ’  through  which  the 
litharge  flows,  p  a  semi-elliptical  hole  for  the  litharge 
to  fall  through  from  the  gutters,  upon  the  area  of  the  re¬ 
finery.  ’ 

These  drawings  and  references  will  be  siiflicient  to 
make  the  description  of  the  furnace,  &c.  clearly  under¬ 
stood.-  -  . 

OJ*  the  Test  or  Cupel. 

A  good  test  is  of  die  first  importance  in  refining ;  the 
method  of  constructing  one  I  shall  endeavour  to  point  out. 
Six  parts  of  well  burnt  bone  ashes  and  one  part  of  good 
fern  a^hes  arc  to  be  well  mixed,  sifted  through  a  sieve, 
(the  spaces  in  which  are  about  one-eighth  of  an  inch 
square,)  and  moistened  to  about  the  same  degree  the 
founders  use  their  sand.  The  iron  frame  is  to  be  laid  on 
the  floor  and  made  steady,  with  wedges  Under  its  rim ; 
about  two  inches  in  thickness  of  the  ashes  i\rc  to  be  equal¬ 
ly  spread  over  die  bottom,  and  with  an  iron  beater,  such 
as  used  by  the  founders,  equally  rammed  between  the 
cross  bars ;  the  frame  is  to  be  again  filled  and  rammed  all 
over,  beginning  at  the  circumference,  and  working  spiral 
ways  until  finished  in  the  centre,  the  filling  and  ramming 
to  be  repeated  until  the  frame  is  completely  full ;  an  ex¬ 
cavation  to  contain  the  lead  is  made  as  expressed  in  the 
plan,  with  a  sharpe  spade  about  five  inches  square,  the 
edges  dressed  with  a  long  bladed  knife ;  a  semi-elliptical 
hole,  as  at  /?,  is  to  be  cut  through  the  breast.  Having  pro¬ 
ceeded  so  far,  the  test  is  to  be  turned  on  its  side  and  dres¬ 
sed  from  all  superfluous  ashes  adhering  to  the  bottom, 
taking  care  that  none  shall  be  left  flush  with  die  bottom  of 
the  frame  or  cross  bars,  otherwise  in  fixing  the  test  to  its 
situation  at  the  bottom  of  the  furnace  it  w^iild  be  liable  to 
be  bulged. 
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Fixing  the  Test  in  its  situation. 

The  rim  of  the  test  is  now  to  be  plastered  with  clay  or. 
moistened  ashes,  placed  upon  the  supporting  cross  bars, 
and  fixed  with  wedges  firmly  against  the  bottom  of  the 
furnace,  the  breast  next  to  the  feeding  hole. 

A  gentle  fire  may  now  be  lighted,  and  gradually  in¬ 
creased  until  the  test  be  red  hot.  When  it  ceases  to  emit 
steam  from  the  under  side  it  is  sufficiently  dry. 

Lead  previously  melted  in  tlie  iron  pot  f  is  ladled  into 
the  test  until  the  hollow  part  be  nearly  filled,  the  operator 
closes  the  feeding  aperture,  and  increases  the  heat  of  the 
furnace  until  the  surface  of  tlie  lead  is  well  covered  with 
litharge  ;  he  then  removes  the  door  from  the  feeding  hole, 
and  with  an  iron  rod,  which  has  one  end  bent  down  at 
right  angles  about  tlirec  inches,  and  made  flat  or  chissel- 
shaped,  scrapes  the  small  gutter  or  channel  o  until  the 
litharge  just  flows  into  it,  die  blast  from  a  pair  of  double 
l^ellows  is  dien  directed  from  the  back  part  over  the  sur¬ 
face  of  the  test,  the  litharge  is  urged  forward,  and  flows 
from  the  gutter  upon  the  floor  of  the  refinery  ;  the  ope¬ 
ration  now  goes  forward,  gradually  adding  lead  as  the 
escape  of  litharge  makes  necessary,'  until  the  gutter  is  so 
worn  down  that  the  test  does  not  contain  more  than  an 
inch  in  depth  of  lead, '  the  blast  is  then  taken  off,  the  gut¬ 
ter  filled  up  with  moistened  ashes,  and  a  fresh  one  made 
on  the  other  side  the  brest ;  the  test  is  again  filled,  though 
not  so  full  as  at  first,  and  the  operation  carried  on  until  thi^ 
gutter  also  is  worn  down  and  the  test  contain  from  about 
fifty  to  seventy  pounds  of  alloy.  This  quantity  is  run  into 
an  iron  pot,  and  set  by  until  a  sufficient  number  of  pieces 
have  been*  collected  to  make  it  worth  while  to  take  off  a 
plate  of  pure  silver  from  them. 

The  quantity  of  alloy  left  in  the  working  off  each  test 
must  depend  in  a  great  measure  upon  the  quantity  of  si* 
‘Ver  it  by  estimation  is  supposed  to  contain.  A  sufficient 
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quantity  of  lead  should  always  be  left  in  die  alloy  to  make 
it  fuse  easily  in  the  iron  pot. 

^  When  tlie  test  is  removed  from  the  furnace  and  broken 
up,  the  litharge  will  be  found  to  have  penetrated  to  an  in¬ 
considerable  but  equal  depth  in  the  ashes  ;  that  part  not 
impregnated  with  litharge  may  be  pulverised,  mixed  with 
fresh  ashes,  and  again  used  for  another  test. 

The  operation  of  taking  off  the  silver  pure,  differs  in  no 
respect  from  tlie  foregoing,  only  more  care  is  observed  in 
the^  working,  not  to  suffer  the  escape  of  any  metaUic  parti¬ 
cles  with  the  litliarge,  as  that  would  occasion  considera¬ 
ble  waste  of  silver.  As  the  process  advances,  and  die  pro- 
portion  of  silver  to  lead  increases,  the  litharge  assumes  a 
darker  colour,  a  greater  heat  becomes  necessary,  and  at 
last  the  brightening  takes  place ;  the  interior  of  the  fur¬ 
nace,  which  during  the  whole  of  the  process  had  been  very 
obscure  and  misty,  clears  up.  When  the  operator  ob¬ 
serves  the  surface  of  the  silver  to  be  free  from  litharge,  he 
removes  the  blast  of  the  bellows,  and  suffers  the  furnace  to 
cool  gradually ;  as  the  silver  cools  many  protuberances 
arise  on  the  surface,  and  fluid  silver  is  ejected  from  them 
with  considerable  force,  which  falling  again  on  the  plate 
spots  it  very  fantastically  with  small  globules. 

The  latter  portions  of  litharge  bring  over  a  considera¬ 
ble  quantity  of  silver  with  them  ;  this  is  generally  reduced 
by  itself  and  again  refined. 

The  litharge  as  it  falls  upon  the  floor  of  the  refinery  is 
occasionally  removed ;  it  is  in  clots  at  first,  but  after  a 
short  time  as  it  cools  it  falls  for  the  most  part  like  slacked 
lime,  and  appears  in  the  brilliant  scales  it  is  met  with  in 
commerce  :  if  it  is  intended  as  an  article  for  sale,  nothing 
more  is  necessary  than  to  sift  it  from  the  clots  which  have 
not  fallen  and  pack  it  in  barrels. 

If,  on  the  contrary,  it  is  intended  to  be  manufactured 
into  pure  lead,. it  is  placed  in  a  reverberatory  furnace, 
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mixed  with  clean  small-coal,'  arid  exposed  to  a  Heat 
sufficient  to  fuse  the  litharge.  The  nietal  as  it  is  reduced 
flows  through  an  aperture  into  an  iron  pot,  and  is  cast  into 
pigs  for  sale.  During  the  reducing,  care  is  takdi  to  ke^ 
the  whole  surface  of  the  litharge  in  the  furnace  covded 
with  small- coal. 

In  sorfie  smelt  works,  instead  of  a  reverberatory  fur¬ 
nace  for  reducing,  a  blast  furnace  is  made  use  ofj  oh  ac¬ 
count  of  the  greater  produce,  but  the  lead  so  reduced  is 
never  so  pure  as  that  made  in  the  wind  furnace.  The 
oxyds  of  the  metals,  which  require  a  greater  heat  to  reduce 
than  the  lead,  are  in  the  blast  furnace  generally  reduced 
with  it. 

The  volatile  oxyds,  as  zinc,  antimony,  and  arsenic,  arc 
mostly  carried  off  by  evaporation  during  refining ;  a  con¬ 
siderable  portion  of  the  oxyd  of  lead  it^lf  is  carried 
off  by  evaporation,  making  the  interief  of  the  furnace  so 
misty  and  obscure,  that  a  person  unused  to  refining  cah"- 
not  sec  more  tlian  a  few  inches  into  it. 

A  considerable  portion  of  these  oxyds  are  driven  by 
the  blast  of  the  bellows  through  the  feeding  aperture,  and 
would  be  dissipated  in  the  refining-house,  to  the  gi*eat  in¬ 
jury  of  the  workmen’s  healths  ;  to  prevent  their  ill  eflfccts 
the  arch  or  dohie  over  the  feeding  hole  is  erected  to  eaxT}'^ 
the  fume  into  the  stack  of  the  furnace. 

15  Nicholson y  1. 


PROPERTIES  of  the  metal  Le  Aii.  Lead  obtain^ 
free  from  any  other  metallic  mixture,  (as"  by  precipitating 
nitrat  of  acetat  of  lead  by'  zinc)  is  when  recently  nidted 
of  a  bri^t  bluish-white  colour,  which*  sooii’ tarnishes  on 
exposure  to  air  :  but  tvlien  once  tarnished,  lasts  a‘  loiig 
time  exposed  to  the  weather,  for  it  does  not  decompose 
w’ater  as  iron  and  copper  do.  It  is  the  softest  of  the  com- 
VoL.  III.  Ee 
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mon  metals.  Its  specific  gravity  is  11,35,  which  is  not 
encreased  by  liammering.  It  is  very  malleable,  but  not 
very  ductile.  A  wire  of  rhs  of  an  inch  diameter  sup¬ 
ports  only  18,4  lbs.  its  point  of  fusion  is  612^.  It  eva¬ 
porates  in  the  common  blast-heat  of  the  hearth  furnace. 
It  combines  with  oxygen  slowly,  by  means  of  heat.  The 
oxyds  appear  to  me  to  be,  1st,  The  greyish  black  dust 
that  first  appears  on  the  surface  of  the  melted  lead.  2dly, 
The  yellow  massicot,  which  also  is  first  of  a  dirty  yellow 
and  then  of  a  greenish  yellow,  before  it  comes  to  be  of 
a  full  yellow  colour  ;  indicating,  as  I  conjecture,  various 
states  of  oxydation.  This  yellow  oxyd  is  massicot,  to 
which  red  lead  also  may  be  reduced,  by  driving  off  a  por¬ 
tion  of  its  oxygen ;  though  it  is  usually  made,  in  the  stage 
of  the  process  that  precedes  the  red  lead.  It  is  the  oxyd 
of  lead,  usually  supposed  to  be  combined  with  acids, 
from  which  it  may  be  precipitated  by  pure  alkalies,  as  a 
white  hydrated  oxyd,  from  which  the  water  may  be  ex¬ 
pelled  by  strong  heat.  This  white  hydrated  oxyd,  like  mas¬ 
sicot,  contains  about  7 percent,  of  oxygen.  Dr.  Thompson 
supposes  that  lidiarge  is  this  oxyd  of  lead,  mixed  with  a 
little  carbonic  acid  obtained  from  the  carbonaceous  mat¬ 
ter  burnt  in  the  refining  furnaces,  where  litharge  is  made : 
but  as  yet,  I  hold  all  this  to  be  probable  conjecture  only. 
We  do  not  yet  know  the  precise  state  of  oxygenated  lead 
that  constitutes  litliarge.  3dly,  Red  lead,  which  contains 
from  10  to  11  per  cent,  of  oxygen.  4thly,  The  brown, 
puce-coloured  (flea-coloured)  oxyd,  containing  from  13 
to  14  per  cent,  of  oxygen. 

The  puce-coloured  or  brown  oxyd,  is  only  made  by 
the  experimental  chemist,  by  digesting  nitric  acid  on  red 
l^d.  Th«  preparations  of  commerce  among  the  oxyds, 
are  wliite  lead,  massicot,  litharge,  red  lead. 
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IFhite  Lead.  This  may  be  prepared  several  ways, 
viz : 

1st,  By  corroding  sheet  lead  with  the  fumes  of  vinegar, 
evaporated  by  the  >varmth  of  a  hot  bed  of  dung.  This 
is  the  common  process  in  this  country. 

2dly,  By  using  for  the  same  purpose,  tanner’s  bark 
instead  of  dung,  as  the  hot-house  gardeners  of  Europe 
now  do. 

3dly,  By  e^eposing  tlie  vinegar  pots  to  the  same  degree 
of  heat  excited  by  burning  common  fuel.  This  would 
be  a  much  cleaner  way  of  working  ;  and  in  such  a  coal- 
country  as  Pitts]:)urgh,  I  should  think  it  would  be  full  as 
cheap.  The  common  heat  of  a  stove-room,  as  used  in 
England  for  converting  cyder  into  vinegar,  would  answer 
very  \^'ell  as  I  think  ;  and  if  not  strong  enough  could  easi¬ 
ly  be  encrcased. 

4thly,  By  precipitating  nilrat  or  acetat  of  lead  by  carbo¬ 
nated  alkali.  This  makes  a  very  white  lead,  but  it  docs 
not  absorb  so  much  oil,  or  retain  its  colour  so  well,  as 
white  lead  made  in  a  common  way. 

Sthly,  By  decomposing  some  of  the  neutral  alkaline 
salts,  as  the  muriats  of  potash  and  soda.  I  do  not  know 
whether  the  sulphats  of  potash  and  soda  and  the  nitrats  of 
the  same  alkalies  have  been  used.  Or  whether,  the  mu¬ 
riats,  sulphats,  or  nitrats  of  lime  and  magnesia  would  an¬ 
swer  the  purpose.  The  principle  is  the  same,  but  there  is 
full  room  for  very  important  and  valuable  experiments ; 
which  probably  will  be  the  subject  of  a  dozen  patent  rights; 
for  in  this  country,  if  a  man  can  contrive  to  eat  his  green 
peas  with  a  four-pronged  fork  instead  of  a  broad-pointed 
knife,  he  applies  for  a  patent  to  secure  the  invention.  For 
this  mode. of  making  white  lead.  Lord  Dundonald  has  al¬ 
ready,  obtained  a  patent.  I  greatly  doubt  whether  he  u’Bs 
entided  to  it :  for  the  process  is  very  nearly  that  of  Tur¬ 
ner’s  mineral  yellow. 
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I  proceed  then,  to  give  an  account  of  the  common  pie- 
thod  of  making  white  lead.  Premising 

1st.  That  it  is  necessary  to  set  up  Uie  nianufacture 
where  good  water  is  to  be  hud  in  tilenty  :  water  contain - 
ing  hydrogenous,  sulphureous  or  carbonaceous  gas  or 
^ts,  would  spoil  the  colour. 

^y,  It  is  desirable  that  fuel  should  be  cheap,  though 
this  is  not  necessary :  and  that  horse  dung  or  bark 
should  be  of  easy  purchase. 

3dly,“  There  must  be  room  and  space  for  the  manufac¬ 
ture.  The  person  undertakiig  it  in  the  common  way, 
will  need,  at  least,  the  following  buildings  : 

A  brewhouse  fpr  brevving  vinegar  from  dainaged 
grain. 

.  A  room  for  casting  the  lead  into  sheets  ;  and  for  roll¬ 
ing  it  into  spirals. 

.  A  smelting  room,  for  recasting  the  refuse  lead  into  blue 
lead  again.  These  two  rooms  may  be  in  one. . 

The  casting  room,  the  rolling-up  room,  and  the  smelting 
room  should  be  contiguous^  and  may  open  into  each 
other.  The  smelting  room  must  be  furnished  with  a  fire 
place  and  chimney,  and  have  a  strong  cast  iron  pan  set  in 
a  brickwork  furnace,  to  melt  tlie  lead.  The  rolling- up 
room  should  have  a  bench  under  the  u  indows  from  one 
end  to  the  otlicr.  All  the  rooms  but  the  smelting  room 
may.  be  warmed  by  stoves. 

A  room  for  corroding  the  lead  with  vinegar.  It  should 
be  of  a  good  height,  and  the  ground  plan  \YiIl  dejxmd  on 
die  quantity  of  business  to  be  done.  'Phe  stacks,  or  beds, 
may  amount  to  six  in  lieight,  more  or  less  according  to 
the  size  of  the  pots. 

A  room  for  holding  the  troughs,  and  grooved  cylin¬ 
ders,  where  tli^:  white  lead  is  s^:raped  from  tlie  blue  lead. 
Ijithis  room,  a  pump,  should  empty  the  contents  of  the 
first  trough  into  others,  after  the  water  is  well  agitated  ; ' 


so  that  the  finer  of  the  white  lead  may  gradually  sub¬ 
side. 

A  room  that  will  hold  one  or  two  pair  of  good  mill¬ 
stones,  with  the  necessary  machinery,  to  grind  the  white 
lead  first  in  water :  with  the  shoots,  tubs,  &c.  and  uten¬ 
sils  requisite  for  this  purpose. 

A  drying  room,  that  requires  to  be  moderately  heat¬ 
ed. 

A  room  to  hold  whiting,  with  which  white  lead  is  al¬ 
ways  plentifully  adulterated.  When  added  in  the  propor¬ 
tion  of  10  or  even  12  per  cent,  the  lead  is  not  much  the 
worse  as  a  paint :  but  when  mixed,  as  it  usually  is,  to 
the  amount  of  from  20  to  25  per  cent,  it  causes  the  paint 
to  adhere  but  slightly,  and  to  peel  off  from  the  wood. 

A  room  to  hold  millstones  wherewith  the  white  lead 
should  be  ground  up  with  whiting  and  oily  to  sell  as  paint 
ready  for  use.  Much  of  the  profit  of  an  establishment 
may  be  made  to  belong  to  this  department  of  the  manu¬ 
factory.  These  two  mill-rooms  might  be  worked  with 
the  same  machinery' ;  and  the  drj^ing  room,  and  whiting 
room  should  be  contiguous. 

There  should  also  be  a  room  separate  to  prepare  and 
contain  a  stock  drying  linseed  oil,  to  grind  up  with  the 
lead  intended  to  be  sold  as  paint. 

For  this  purpose,  a  stock  of  litharge,  and  sugar  of  lead 
will  be  wanted,  which  may  be  best  kept  in  tlie  Avhiting 
room. 

These  apartments  should  be  con¬ 
tiguous. 

A  cooperage  and  carpenter’s  room. 

A  lumber  room. 

♦ 

Space  for  cart-ways,  gang-ways,  stabUng,  cart  house, 

&c. 

There  will  also  be  needed,  in  tlic  common  way,  two 


A  store  room. 

A  packing  room. 
A  counting  house. 
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sets  of  cast*ii'on  rollers,  ooe  fluted  len^hu'ay,  and  another 
crossway. ' 

It  is  true,  a  manufactory  may  be  carried  on  with  fewer 
apaitments,  but  very  few  of  those  I  have  mentioned  can 
be  dispensed  with,  in  a  manufactory  on  a  tolerable  scale. 
It  should  not  be  commenced  under  ten  or  twelve  thou¬ 
sand  dollars.  Although  w'hite  lead  is  a  cash  article,  yet 
it  must  be  remembered  that  blue  lead  is  a  cash  article 
also,  and  the  stock  on  hand  will  be  of  considerable  value 
in  a  small  compass. 

Such  an  establishment  ought  to  have  a  red  lead  mami- 
factory  connected  with  it :  and  by  and  by,  the  manufac¬ 
turers  here  will  find  their  interest  in  connecting  with  it,  a 
manufactory  of  sugar  of  lead,  and  of  pyroligneous  acid. 

The  buildings  will  require  least  12,000  square  feet 
on  the  ground  plan.  The  power  may  be  water  po\ver, 
horse  power,  or  a  steam  engine. 

Of  Casting  the  Lead. — A  man  stands  with  a  barrow, 
at  the  left  hand  of  the  smelter  who  also  casts  tlie  lead  into 
plates.  He  has  two  long  ladles,  one  to  lade  out  the  melt¬ 
ed  lead,  the  other  with  a  flat  bottom,  thirty  inches  long 
and  six  inches  broad.  Holding  in  his  left  hand  the  flat 
ladle,  he  pours  on  it  from  the  other  ladle  in  his  right  hand,, 
(resting  it  at  first  qn  tlic  edge  of  tlie  pot  that  holds  the 
lead)  a  quantity  of  melted  lead,  moving  the  right  hand 
ladle  down  to  the  point  of  the  left  hand  ladle,  and  gradu¬ 
ally  discharging  its  contents.  Great  part  of  the  lead,  runs 
off  and  falls  on  a  table  ready  to  receive  it,  but  a  part  re¬ 
mains  in  the  left  hand  ladle,  covering  the  bottom  thereof 
with  a  slieet  of  the  above  dimensions  and  about  tlie  cightli 
of  an  inch  thick.  The  smelter,  turns  this  off  into  the 
barrow,  which  when  full,  is  wheeled  away  to  the  rolling 
room,  and  discharged  upon  the  roller’s  bench,  who  turns 
it  into  a  spiral  of  about  three  itnd  a  half  inches  diameter. 


Tlie  top  and  bottom  of  tlie  spiral  roll,  are  kept  as  even  as 
possible,  that  the  cover  may  cover  them  closely  and  accu¬ 
rately.  Sometimes  sheets  of  lead  are  used  flattened  me¬ 
chanically  (milled)  between  two  rollers :  sometimes,  a 
caster  having  melted  lead  poured  into  a  case  of  the  size  of 
the  proposed  sheets,  draws  it  into  sheets  by  running  a 
sliding  piece  of  wood  quickly  along  the  edges  of  the 
frame  or  mould,  and  pushing  the  melted  lead  before  it, 
thus  forms  it  into  a  slteet. 

4 

The  lead  is  then  ready  to  be  carried  into  the  corroding 
room. 

This  room,  is  furnished  with  earthen  pots  which  should 
be  of  stone- ware.  They  should  be  wide  enough  at  top 
to  hold  a  spiral  roll  of  lead,  which  must  rest  on  a  ledge 
within  side  the  pot  about  one-third  or  half  of  the  way 
dow  n :  the  pots  may  conveniently  hold  from  one  to  three 
quarts  of  good  vinegar,  according  to  the  size  of  the  spiral 
w^hich  fills  the  top.  The  smelter  or  caster,  making  liis 
sheets  according  to  tlie  size  of  the  pots  which  the  manu¬ 
facturer  thinks  it  convenient  to  use.  The  vinegar  just 
reaches  the  under  side  of  the  ledge  on  w  hich  the  spiral 
roll  stands,..  The  pots  are  placed  on  a  layer  of  about 
three  or  four  inches  of  horse  dung,  not  quite  dose  to  each 
other  all  round  the  room,  leaving  a  gang  ivay  in  the  mid¬ 
dle.  The  low  est  tier  are  then  imbedded  up  to  their  necks 
m  fresh  liorsc  dung,  or  tanner’s  bark.  A  piece  of  lead  is 
then  placed  on  the  top  of  each  spiral  roll,  and  is  then  co¬ 
vered  witli  a  broad  board.  On  this  board  another  layer 
of  dung  with  its  pots,  vinegar  and  spirals  of  lead  is  placed 
and  buried  up  in  dung  or  bark :  and  so  on,  as  high  as 
will  admit  of  convenient  management.  The  top  tier, 
should  he  well  bedded  in  dung  and  covered,  because,  it 
answers  best  to  be  examined  from  time  to  time  to  shew 
when  the  vinegar  is  all  evaporated,  wliich  usually  takes' 
place  in  about  tw’o  months.  Tins  top  tier  should  be  w'ell 
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bedded  in  dung,  that  it  may  be  a  fair  specimen  of  the  ge¬ 
neral  prt>gress  of  the  pots  throughout  the  under  tiers, 
which  cannot  be  got  at  so  easily.  The  stacks  are  taken 
down  when  the  vinegar  is  evaporated,  and  the  lead  is  car¬ 
ried  into 

The  mill  room.  Here,  the  hardest,  whitest,  and  most 
sonorous  pieces  of  lead,  are  picked  off  and  selected  for 
the  pigment  usually  as  flake  white ;  w  hich  is  generally 
pure  w  hite  lead  unadulterated :  and  which  may  therefore 
serve  as  a  comparison  to  ascertain  the  quantity  of  adulte¬ 
ration  in  common  white  lead. 

The  corroded  plates  are  then  run  through  the  grooved 
rollers,  and  scraped.  This  is  a  very  unwholesome  part  of 
tlie  process.  The  men  concerned  in  it,  become  paralytic 
in  three  or  four  years.  An  improvement  has  been  made 
by  a  Mr.  Archer  Ward,  in  this  part  of  die  manufacture, 
which,  although  Dr.  Coxe  has  copied  it  in  the  second 
volume  of  his  series  of  the  Emporium,  and  Mr.  Cutbush 
also  has  copied  it  in  his  useful  work  entiUed  the  Ameri¬ 
can  Artists  Manual,  yet,  as  I  do  not  w  ish  to  send  my 
readers  hunting  after  processes  to  be  found  in  other  books, 
I  chuse  to  copy  it  also  in  this.  My  plan  being  to  accu¬ 
mulate  all  the  useful  information  I  can  upon  each  subject, 
in  one  connected  view’ :  I  am  therefore  not  deterred  by 
now  and  then  a  little  rcpctition,  or  the  insertion  of  papers 
which  other  wwks  have  stolen,  before  it  came  to  my  turn 
to  j  illage  the  rich  store- houses  of  European  information. 

Mr.  Archer  Ward’s  account  of  his  improvement  is  as 
follows. 

Description  of  a  method  of  preventing  injury  to  the  health 
of  the  workmen  employed  in  preparmg  IF  hit  e  Lead* 
By  Mr.  Archer  IVard^  in  his  otvn  words  : 

IN  order  to  explain,  as  w^ell  as  I  can,  the  advantages 
that  will  accrue  to  the  workmen  by  adopting  my  inven- 
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tion,  ill  preference  to  the  common  mode  of  preparing 
white  lead,  I  will  first  state  what  th/s  common  mode  is. 
When  blue  lead  is  in  part  corroded  in  the  stacks,  by  an 
acid  raised  by  a  considerable  degree  of  heat,  brought  on 
by  horse- litter,  the  corroded  and  uncorroded  lead  are  tak¬ 
en  from  the  stacks  to  a  room,  call/ed  the  engine  loft,  where 
a  pair  of  iron  rollers  is  fixed  with  a  screen  under  them. 
The  lead  in  this  state  is  passed  tlirough  the  rollers  and 
screen  ;  from  the  motion  of  tlijese  rollers  and  screen,  by 
w  hich  the  white  lead  is  separated  from  the  uncorroded  or 
blue  lead,  together  with  the  moving  the  lead,  in  order  to 
its  being  passed  through  them,  a  very  considerable  quan¬ 
tity  of  fine  dusty  white  lead  is  raised,  w  hich  almost  covers 
the  workmen  thus  employed,  and  is  ver)^  pernicious  to 
tliem.  And  not  only  in  this  part  of  the  process  are  they 
liable  to  be  thus  injured,  but  they  are  again  exposed  to 
tlie  dusty  lead,  by  removing  the  blue  lead  from  the  screen- 
house  to  the  furnace,  as  there  still  remains  a  quantity  of 
the  fine  particles  of  white  lead,  which  of  course  rises  in  re¬ 
moving  it ;  and  also,  in  removing  the  white  lead  from 
under  the  screen  to  the  grinding-tub,  a  quantity  of  the 
dust  arises,  which  is  very  detrimental^  to  the  people  so 
employed. 

My  invention  removes  all  these  difficulties  respecting 
the  dry  dusty  white  lead,  so  very  injurious  to  the  liealth 
of  the  working  people ;  and  consists  of  a  vessel,  as  shewn 
in  the  plate, ^  fig.  1 ,  twelve  feet  long,  six  feet  wnde^  and 
three  feet  ten  inehes  deep.  In  this  vessel  is  fixed  a  pair  of 
brass  rollers  in  a  frame,  one  roller  above  the  other.  The 
centre  of  the  rollers  is  about  ten  inches  below^  die  top  of 
the  vessel ;  and,  one  inch  lower,  is  a  covering  of  oak 
boards  or  rjddles,  an  inch  thick,  fixed  in  the  inside  of  the 
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vessel,  in  a  groove,  so  as  to  be  taken  out  occasionally ;  I 

these  boards  are  bored,  with  a  centre-bit,  as  full  of  holes  I 

as  may  be,  without  danger  of  breaking  into  each  other ; 
the  size  of  these  holes  is,  in  the  machine  at  large,  about 
five-  eighths  of  an  inch  in  diameter.  This  being  done,  | 
the  vessel  is  filled  with  water,  about  three  inches  above  | 

the  oak  boards  or  riddles  ;  the  lower  brass  roller  is  now  | 

under  Avater,  and  about  half  of  tlie  upper  roller  is  under  | 

water  also.  Thus  the  lead  coming  from  die  stacks,  is  I 

put  through  the  brass  rollers  in  w^ater,  and,  by  raking  the  J 

lead  w  ith  a  copper  rake,  over  the  oak  boards  or  riddles,  ] 

the  white  lead  passes  through  the  riddles,  and  the  blue 
lead  remains  above ;  w^hich,  being  taken  out,  is  throwm  | 
upon  an  inclined  plane  of  strong  laths  to  drain,  where  it  I 
remains  about  12  hours,  when  the  blue  lead  is  ready  for  il 

the  furnace  to  be  re-melted  ;  by  this  means  no  dusty  white  P 

lead  can  rise  in  any  part  to  the  work-people.  No  such  y| 
plan  as  this  (though  long  desired)  has,  to  my  knowledge,  ^ 
been  put  in  execution,  so  as  to  answer  all  the  purposes 
above  stated.  It  may  be  asked,  why  the  lead  in  the  com¬ 
mon  mode,  is  not  made  w  et  before  it  is  passed  through 
the  rollers  and  screen.  Should  this  be  done,  the  lead  I 
\W)uld  be  a  paste  on  the  rollers  and  screen,  and  the  white 
lead  prevented  separating  from  the  blue  lead,  w  hich  is  ab-  j 
solutely  necessary  in  the  preparation  of  white  lead.  I 

Jtejererke  to  the  Figure.  : 

Fig.  1,  A,  an  inclihed  plane  of  w'ood,  on  wlii^h  the  | 
white  and  blue  lead  is  placed  immediately  fi'om  the  stacks, 
and  thus  introduced  betw  ecn  the  brass  rollers  BB.  ^ 

CC,  the  vessel  containing  water.  , 

t)DD,  the  pierced  oak  boards  or  riddles,  which,  by  be¬ 
ing  made  to  slide  in  grooves  in  the  sides  of  the  vessel  CCj 
may  occasionally  be  taken  out  by  removing  the  v/ooden 
baree. 
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. .  E,  a  handle  or  winch,  \yhich,  in  tlie  machine  at  large, 
may  be  a  wheel  communicating  to  mill-work,  and  thus 
turn  the  rollers  BB. 

I  F,  a  pinion,  fixed  on  the  gudgeon  of  the  upj^er  roller, 
I  and  communicating  with  a  similar  pinion  on  the  arbor  of 
I  the  lower  roller,  keeping  both  of  them  in  motion  by  the 
I  turn  of  the  handle.  As  it  is  necessary  tliat  the  upper  rol- 

j  ler  should  be  at  liberty  to  rise  or  fall,  in  order  to  give  a 

j  due  degree  of  pressure  to  the  kad  in  passing  between  the 

^  rollers,  two  weights  GG,  with  proper  stems  to  them,  arc 
^  placed  over  the  gudgeons  of  the  upper  roller,  thereby 

^  keeping  a  due  degree  of  pressure;  and,  if  any  piece  of 

f,  the  lead  should  be  thicker  than  usual,  admitting  tl>e  roll- 

j|  erto  give  way  to  it,  and  thereby  preventing  any  injury  to 
jj  the  machinery. 

{ j  H,  a  notch  in  one  side  of  the  wooden  vessel,  serving  to 
J  regulate  the  depth  of  the  water  on  the  riddles  DDD. 
vj  The  foregoing  description  is  accompanied  by  two  cer- 
i  tificates;  one  from  Mr.  Samuel  Walker  Parker,  stating 
I  diat  many  tons  of  white  lead  have  been  made,  in  the  man¬ 
ner  above  described,  at  die  manufactory  at  Islington,  be- 
3  longing  to  Walker,  Ward,  and  Co;  and  that,  since  Mr. 

Ward’s  plan  was  adopted,  no  other  method  has  lieen  used, 
j  The  other  certificate  is  from  Mr.  H.  Browne,  of  Irongate, 
i  Derby  ;  who  says,  that  he  thinks  the  foregoing  invention 
i  a  very  valuable  improvement  in  preparing  white  lead,  and 
diat  die  quality  of  die  lead  is  not  in  the  least  injured  by  it. 

\  Mr4  Wedierill,  of  Philadelpliia,  obtained  a  patent  for  a 

^  somewhat  similar  contrivance.” 

■1 

1  The  white  lead,  thus  being  i^raped  and  rolled  off  from 
the  blue  lead,  the  latter  is  sent  back  to  the  smelting  room, 
and  the  white  lead  agitated  in  water,  then  pumped  up  in¬ 
to  other  troughs  to  drain :  the  refuse  of  the  first  troughs 
is  also  conveyed  to  the  smelting  room. 


! 


When  the  white  lead  washed  and  drained,  is  of  a  pasty 
consistence,  it  is  well  ground  between  two  mill-stones, 
and  from  the  troughs  that  receive  it,  is  carried  to  tlie  dry¬ 
ing  room  to  dry  upon  porous  pans.  \Vhcn  whiting  is 
mixed  with  it  (which  is  always  the  case)  the  whiting  ought 
to  be  well  washed  in  troughs  to  carry  oflF  the  dirty  part : 
then  it  ought  to  subside,  and  the  water  drained  away. 
Then  it  should  be  washed  again  for  the  coarser  and  sandy 
parts  of  the  whiting  to  ^bside,  and  the  finer  parts  of  the 
whiting  only  should  be  taken,  and  a  second  time  (after 
being  mixed  with  the  white  lead  as  well  as  possible  in  the 
troughs)  passed  with  the  lead  in  a  state  of  mixture  through 
the  mill-stones.  Then  dried  together  in  the  stove  room. 

From  the  stove  room,  the  lead  is  conven  ed  to  the  store 
room,  and  thence  to  the  packing  room.  ‘ 

Such  is  the  common  method  of  making  white  lead ;  a 
process  sufficiently  complex,  troublesome,  and  unscienti¬ 
fic.  The  substitution  of  tanner’s  bark  for  dung,  is  an 
improvement  in  respect  to  cleanliness,  but  I  do  not  know 
that  it  is  superior  in  any  other  way. 

The  substitution  of  a  stove,  whose  flues  might  be  con¬ 
veyed  among  the  pots,  or  the  heiit  of  the  room  kept  up  to 
the  necessarj^  degree,  regulated  by  tw  o  or  three  thermome¬ 
ters,  would  in  my  opinion  be  a  considerable  improve¬ 
ment. 

But  when  I  went  through  the  vinegar  manufactories  of 
England,  I  was  struck  with  the  obvious  application  of  the 
processes  tliere  used,  to  the  manufactories  of  white  lead 
and  of  verdigrease :  and  I  propose  it  without  hesitation  to 
the  manufacturers  here,  as  a  combination  of  processes  that 
cannot  but  prove  economical  and  lucrative.  I  do  not  ex¬ 
pect  however  that  it  w  ill  be  put  in  practice,  till  on  reading 
this,  some  speculator  in  patent  ri^its,  w  ill  take  out  a  j)a- 
tent  for  it,  and  s^vear  in  the  usual  way  that  he  is  the  true 
and  original  inventor.  I  have  already  detailed  a  process 
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of  bleaching  by  means  of  red  lead,  so  easy,  so  ^edy,  so 
practicable,  and  so  economical,  that  no  one  who  has  tried 
it,  would  hesitate  for  a  moment  to  prefer  it  to  the  bleacli- 
ing  by  manganese,  even  if  the  latter  substance  could  be 
obtained  for  nothing.  I  have  had  bleached  under  my 
own  inspection  by  this  procenj,  more  goods  in  a  week, 
than  any  manufacturer  of  cotton  goods  of  whatever  spe¬ 
cies  in  this  country,  manufactures  in  a  year.  Yet  bleacli 
ing  by  manganese,  imported  at  an  extravagant  rate  from 
Qreat  Britain  still  continues  in  use,  even  among  the  best 
informed  manufacturers  of  cotton  articles  in  this  country. 
However  as  the  process  is  my  own,  I  now  give  notice  tliat 
I  will  take  out  a  patent  for  it ;  and  then  perhaps,  it  will  be 
thought  of  some  value,  wlien  some  value  is  paid  for  the 
liberty  of  using  it.  Having  turned  my  attention  early,  to 
anatomy  and  physiolog}%  and  to  medicine  also,  as  well  as 
chemistry,  I  have  for  many  years  practised  among  my 
friends,  among  the  poor,  and  wherever  my  neighbours  of 
the  medical  profession  thought  fit  to  consult  me  upon  any 
case,  curious  or  difficult.  But  as  I  have  never  directly  or 
indirectly  accepted  any  thing  in  the  form  of  a  fee  for  my 
trouble,  I  am  frequently  obliged  out  of  sheer  good  will  to 
my  patients,  to  advise  a  physician  to  be  called  in  l^ecausc 
my  prescriptions  really  do  no  good  for  want  of  faith  in 
their  efficacy,  until  the  patient  has  to  pay  for  them.  Some 
i  physician  of  eminence  in  England,  I  forget  who,  is  said, 
always  when  he  took  medicine  for  his  own  indisposition, 
f  first  of  all  to  take  a  guinea  out  of  his  right  hand  pocket 
;  and  put  it  into  his  left  hand,  as  a  sum  to  be  religiously 
spent  in  some  act  of  charity  ;  otherwise  he  would  have 
‘  doubted  the  efficacy  of  his  own  advice.  Indeed  it  is  true 

I  universally,  that  the  world  never  feels  grateful  to  those 
who  benefit  them  gratis :  they  only  are  respected,  who 
setting  a  proper  value  on  their  services  exact  the  highest 
price  for  them.  People  take  for  granted  from  an  intimate 
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knowledge  of  their  own  dispositions,  tliat  you  would  ne¬ 
ver  give,  except  what  was  of  little  worth.  If  you  set  no 
value  on  yodr  o\vn  property,  what  obligation  is  there  on 
the  public,  to  consider  it  as  valuable  ?  I  forgot  to  men¬ 
tion  that  in  my  patent  for  bleaching,  I  mean  to  include 
tlie  manufacture  of  white  lead,  as  connected  with  it.  I 
know  of  no  means  so  proper  to  make  tlie  process  of  value 
to  the  public,  and  introduce  the  use  of  it. 

But  to  my  immediate  purpose-  The  process  of  making 
white  wine  vinegar  in  England  is  as  follows. 

In  an  oblong  room  heated  by  stoves  to  the  degree  of 
about  80  of  Fahrenheit,  place  upon  trcssels  a  scries  of 
quarter  casks,  high  enough  from  the  floor  for  a  pail  or  tub 
to  stand  conveniently  under  the  casks,  from  which  the 
liquor  is  dra\vn.  The  top  of  the  quarter  casks  is  pierced 
full  of  auger  holes.  The  casks  are  filled  widi  cyder.  On 
the  top  of  the  casks,  is  placed  a  tub  full  of  Malaga  raisins, 
the  bottom  of  the  tub  being  likewise  pierced  with  auger 
holes.  A  man  is  employed  from  morning  to  night,  in 
going  round  this  series  of  quarter  casks,  and  drawing  from 
tlie  bottom  of  each,  a  pail  or  bucket  full  of  cyder,  which 
he  poilrs  on  the  top  of  the  Malaga  raisins.  The  cyder 
percolating  through  the  body  of  the  Malaga  raisins,  ac¬ 
quires  a  saccliarine  mucilage,  together  witli  a  vinous  fla-. 
vour ;  and  by  degrees  is  converted  into  vinegar.  The 
raisins  may  be  employed  with  a  little  addition  to  give  fla¬ 
vour  to  two  casks  of  vinegar.  When  the  cyder  is  thus 
converted  into  vineg^,  it  is  drawn  oflF,  and  the  casks  be¬ 
ing  replenished  with  cyder,  the  same  routine  is  again  pur¬ 
sued.  The  vinegar  is  fined  with  white  of  egg,  racked  off, 
and  is  then  ready  for  sale. 

During  the  percolation  of  tlie  vinegar  through  the  Ma¬ 
laga  raisins,  so  much  acetous  acid  evaporates  and  is  w^ast- 
cd,  that  if  plates  of  sheet  lead  or  copixir  were  hung  up  in 
the  njom,  a  manufacture  of  white  lead  or  of  verdigrease^, 
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would  be  estublidicd  to  a  considerable  extent  and  at  no 
cx pence.  When  I  suggested  this  to  a  vinegar  manufac¬ 
turer  in  Gloucestershire,  whose  works  I  examined,  lie 
promised  to  give  it  immediate  trial ;  but  I  left  the  country 
tvithout  an  opportunity  of  know  ing  whether  he  did  so  or 
not. 

I  have  already  mentioned,  that  the  process  of  making 
carbonat  of  lead,  by  precipitating  the  nitric  or  acetic  salts 
of  lead,  by  carbonat  of  potash,  although  the  article  be  very 
white,  is  too  dear  for  a  manufacture  in  the  large  way. 
The  carbonat  of  lead  thus  made,  on  an  average  of  the  ex- 
[xn*iments  of  Bergman,  Berthollett,  Klaproth,  and  Che- 
venix,  consists  of  84,13  lead,  and  15,87  acid.  But  the 
carbonat  of  lead  can  be  made  by  treating  the  sulphat  and 
muriat  of  lead,  which,  form  the  refuse  in  my  mode  of 
bleaching,  with  carbonat  of  potash ;  a  process  which  be¬ 
longs  to,  and  is  part  of  the  process,  I  claim  to  my  self ; 
luid  which,  until  I  procure  a  patent  for  it,  any  one  is  W'cf- 
come  to  use. 

I  come  now  to  the  neatest,  most  scientific,  and  most 
economical  method  of  making  white  lead,  founded  upon 
Lord  Dundonald’s  patent  of  decomposing  the  muriat  of 
potasli,  by  litharge  or  any  oxyd  of  lead.  To  make  this 
l)crfectly  intelligible,  I  must  go  back  to  the  history  of 
Turners  mineral  yellow  ;  the  common,  heavy,  hard,  fus¬ 
ed,  patent  yellow  of  the  colour  shops,  and  in  common  use 
with  the  coach-makers  and  chair-makers.  Tiinicr  took 
out  a  patent  for  making  this  colour  about  eight  and  twen¬ 
ty  years  ago,  which  being  contested,  W’as  set  aside,  owing 
to  the  gross  ignorance  on  the  subject,  of  the  Coii^t  of 
King’s  bench  and  the  bar. 

Turner,*  by  a  mill-stone  rolling  vertically  in  a  circular 
trough,  triturated  for  12  hours  togetlicr  in  the  form  of  a 
paste,  two  parts  by  weight  of  common  salt,  and  one  part 
of  litharge.  He  w’ould  have  done  better  by  tliree  parts  of 
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common  salt  as  I  think.  By  degrees,  and  by  remaining 
together  for  twelve  hours  more,  the  common  salt  became 
decomposed ;  a  muriat  of  lead  was  formed,  and  pure 
soda,  the  basis  of  the  common  salt.  The  pure  soda  was 
drained  first  and  the  remainder  washed  away,  and  boiled 
^  down  to  clirystallize,  in  a  room  where  charcoal  was  burnt 
in  braziers,  to  supply  carbonic  acid  gas.  The  pure  soda 
would  not  decompose  the  muriat  of  lead,  there  being  only 
o/iedivellent  affinity,  viz.  that  of  soda. 

The  iead  thus  freeid  by  washing  from  the  soda,  w  as  put 
into  crucibles  and  fused  in  a  strong  heat.  It  then  became 
a  yellow  cluy^stallized  mass,  the  patent  yellow  of  the  shops. 
The  soda  when  chrystallized,  was  disposed  of  as  carbo- 
nat  of  soda. 

Now,  if  the  soda,  instead  of  being  washed  aw  ay,  had 
been  left  quietly  to  gain  from  the  atmosphere  or  elsew  here 
its  c^bonic  acid,  being  still  in  contact  with  the  white, 
moist,  muriat  of  lead,  tlierc  would  have  been  two  divcl- 
lent  affinities,  and  a  double  decc^mposition  would  liave 
taken  place :  the  carbonic  acid  would  unite  with  the  lead, 
wliile  the  muriatic  acid  would  again  unite  with  the  soda, 
reproducing  the  original  quantity  of  common  salt,  w  hich 
might  be  washed  away,  re-chrystallizcd,  and  used  again 
for  the  same  purpose.  The  carbonated  lead  thus  pro¬ 
duced  would  be  white  lead. 

Lord  Dundonald  discovered,  that  althcfugh  common 
salt  and  various  other  alkalbc  neutrals  would  answer  the 
purpose,  tlie  decomposition  went  on  best  with  muriat  of 
potash,  instead  of  muriat  of  soda.  And  in  this  way  is  tlie 
greatest  proportion  of  English  white  lead  now  made. 

In  England,  the  makbg  of  .white  lead,  is  connected 
with  tire  manu&ctory  of  soap ;  almost  all  the  alkali  no^v 
used  for  soap  being  procured  from  the  decomposition  of 
neutral  alkaline  salts  by  means  of  oxydsoflead.  For  by 
thus  procuring  them,  the  expence  of  rendering  the  ley ' 
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caustic  by  means  of  quicklime  is  superceded,  and  the 
trouble  and  expence  greatly  economized. 

I  ))rognosticate,  that  whoever  will  commence  in  this 
country,  the  manufacture  of  white  lead  connected  with 
the  manufacture  of  cyder-whitc-wine  vinegar — or  the 
manufacture  of  white  lead  by  the  decomposition  of  alka¬ 
line  neutral  salts,  connected  with  the  making  of  hard 
soap — will,  if  there  be  sufficient  capital,  skill  and  indus¬ 
try,  make  a  profitable  concern. 

We  have  no  business  in  this  country  when  peace  comes, 
to  import  lead  from  England.  The  Louisiana  country 
is  amply  sufficient  to  supply  all  our  wants :  and  ere  long, 
the  atlantic  states  will  be  supplied  from  thence  not  merely 
.  with  blue  lead,  but  with  red  lead,  massicot,  litharge, 
white  lead,  and  shot ;  for  all  which,  the  materials  and  con- 
veniencies  of  situation  are  abundant  in  that  country. 

To  the  Editor  of  the  Monthly  Magazine^  May^  1309. 

Sir — I  am  informed  that,  in  consequence  of  an  alter¬ 
ation  (lately  made)  in  the  process  of  drying  White  Leod^ 
the  health  of  the  labourers,  in  an  extensive  manufactory 
in  the  neighbourhood  of  London,  has  been  very  materi¬ 
ally  benefitted — the  fatal  constipation  of  the  baivelsi  so 
common  amongst  them,  having  much  decreased,  which 
is  attributed  in  a  great  meagre,  if  not  entirely,  to  this  al¬ 
teration.  The  different  mode  of  drying  the  lead  adopted 
is  (if  I  understand  the  matter  right),  that  instead  of  laying 
it  on  chalk,  it  is  now  poured  into  earthen- ware  pans,  and 
left  to  dry  in  them  ;  the  lead  does  not  undergo  nearly  so 
much  handling  as  before,  and  the  fine  particles  of  it, 
which  used  to  float  in  great  abundance  about  the  room, 
are  not  perceived  in  such  dense  clouds  as  they  used  to 
be  ;*  this  dust  entering  the  mouth  was  one  principal  cause 
of  the  diseases  to  which  tlie  workmen  were  liable.  By 
aieans  of  your  misecllwy,  I  wUh  to  give  pubUjcity  to  the 
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above  circumstance ;  and  should  any  of  your  readers  be 
able  and  willing  to  giv^e  me  any  further  particulars  re. 
specting  this  manufacture,  which  may  be  conducive  to 
the  health  of  thok  employed  in  it,  they  will  much  oblige 

A  CONSTANT  READER. 

Mr.  John  Brxerletfs  ( Greenfield^  Flintshire^)  Patent  for 
a  hew  mode  of  setting  Blue  Lead  for  corroding  the 
same  into  JFhite  Lead. 

THIST  method,  by  means  of  a  bed  of  dung  or  bark, 
into  which  are  inserted  pots  filled  w  iih  acid ;  over  these 
are  placed  boards  having  holes  bored  in  them  to  admit  the 
vapour  of  the  acid  round  the  rolls  of  lead.  On  these  ano¬ 
ther  bed  of  dung  or  bark  is  placed,  and  the  process  re¬ 
peated  before,  forms  a  second  bed ;  these  beds  may  be 
repeated  to  any  practicable  extent,  and  are  denominated 
a  stack.  There  is  a  chimney  or  flue  running  through  all 
the  beds,  for  the  purpose  of  distributing  the  vapour  of 
the  acid  equally  through  them  all,  for  which  purpose  that 
part  of  tlie  flue,  which  extends  from  the  one  bed  of  dung 
or  b^k  to  the  other,  is  left  witli  small  interstices  between 
the  bricks,  so  as  to  communicate  any  superfluous  vapours 
above  or  below,  or  cany  off  to  the  other  bed  any  vapour 
which  may  be  to  spare  in  tliat  bed. 

The  observations  of  the  patentee  refer  1.  To  the  num¬ 
ber  of  pots,  and  the  difierence  as  to  the  expense  of  them. 
2.  To  the  health  of  the  manufacturers.  3.  To  expenses 
of  the  annual  breakage. 

Witli  respect  to  the  1st.  According  to  the  above'plan 
a  bed  may  be  set  with  280  pots  of  equal  cflect  with  a  bed, 
which,  according  to  the  old  mode,  would  require  560 
pots,  ihaking  a  difference  of  one  half.  The  pots  used  in 
the  plan  cost  2d.  each ;  those  in  the  old  method  5d.  each. 
So  that  280  pots  at  2d.  each  will  cost  21.  6s.  8d.  and  560 
pots  at  5d.  will  cost  111.  13s«  4d.  leaving  a  difference  in 


favour  of  the  plan  of  91.  6s.  Sd.  for  each  bed.  Now  if  a 
stack  consists  of  ^ven  ^ds,  and  the  manufacturer  raises 
nine  stacks,  die  gro^  amount  of  t^  saving,  in  the  first 
instance,  will  be  5881.  According  to  this  plan  the  manu¬ 
facturer  can  set  three  tons  of  lead  in  a'  bead,  when  in  die 
old  Avay  he  can  pnly  set  about,!  ton  12  cwt.;  and  the  cor- 
rbsion  is  more  certain,  from  the  fumes  of  the  acid  having 
free  access  to  all  the  lead,  which  is  placed  upon  the  boards, 
instead  of  the  rolls  being  confined  separately  in  the  pots 
along  with  the  acid ;  that  the  pots,  which  are  placed  un¬ 
der  the  joints  of  the  stack-boards,  will  be  filled  with  liquor 
or  acid  neutralized  by  being  mixed  with  die  ooze  in  the 
bark,  and  the  fumes  arising  therefrom  being  condensed, 
the  pots  become  filled,  and  the  necessary  corrosion  is  there¬ 
fore  prevented.  From  this  mode  of  setting  lead,  the  ma¬ 
nufacturer  will  obtain  a  third  more  of  white  lead  than  ac¬ 
cording  to  the  old  way. 

2dly.  The  plan  clearly  demonstrates,  that  the  rolls  of 
lead  being  placed  upon  boards  are  easily  taken  off  when 
corroded.  When  the  stack  boards  are  removed,  the  rolls 
should  be  well  sprinkled  with  a  watering  can,  which  will 
prevent  the  dust  from  rising  and  annoying  the  labourers. 
Now,  according  to  the  old  way,  if  the  lead  is  well  corro¬ 
ded,  the  expansion  become  so  great  as  to  fill  the  pots 
tight  and  close,  and  the  labourer,  in  order  to  disengage 
the  ceruse  from  the  pot,  is  obliged  to  knock  it  upon  the 
taken-oflT  boxes,  which  causes  a  dangerous  dust  to  arise, 
that  affects  the  labourer  with  that  most  dreadful  disorder, 
the  colic  of  minerals^. 

3dly.  The  breakage  of  the  pots  according  to  this  plan, 
is  not  as  one  pot  to  thirtj’  in  comparison  of  the  breakage 
arising  from  the  mode  of  setting.  For  experience  tells 
us,  that  in  the  old  way,  we  may  expect  a  loss  of  30  pots 
in  560,  and  of  course  in  a  stack  210,  and  in  9  stacks 
1890  pots.  Supposing  the  manufacturer  to  take  up  and 
.  *  Colica  pictgnum.  Colic  of  Poictou,  and  DcTonabitr 
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set  four  rounds  of  stacks  in  one  3rear,  the  number  of  pot:s 
broken  will  be  7560»  which,  at  5d.  each  pot,  amounts  to 
1571.  10s.  These  nine  stacks  of  pots  in  the  old  way 
would  cost  735U;  according  to  the  new  plan  only  1471. 
leaving  a  difference  of  5881.  as  stated  under  the  first  head 
of  observations.  E  xclusive  of  the  savings  before  enurge- 
rated,  it  must  be  of  very  great  benefit  to  the  manufactur¬ 
er  that  he  can  bring  into  the  market,  in  the  same  given 
time,  a  third  more  of  white  lead  by  pursuing  the  plan  be¬ 
fore  specified,  than  by  the  old  modes. 

27  Month,  Mag,  331  and  588. 


RED  LEAD. 

ft'  .  * 

I  PROCEED  now  to  tlie  manufacture  of  Jted  Lead  and 
massicot ;  but  I  must  defer  the  plate  I  propose  to  attach 
to  my  account  of  this  manufacture  to  the  next  numlxr, 
the  present  being  supplied  with  the  usual  quantity,  and 
not  being  able  to  procure  in  time  the  engravings  necessa¬ 
ry  to  illustrate  the  subject  of  lead. 

The  following  account  of  red  lead  from  the  excellent 
Essays  of  Bishop  Watson  (of  Landaff)  is  pro^jer  to  in¬ 
troduce  the  subject. 

“  IF  the  reader  does  not  know  what  minium  or  red 
lead  is,- 1  would  wish  him  to  send  for.  a  few  ounces  of  it 
to  his  painter  or  apothecary.  Supposing  him  to  have  a 
parcel  of  red  lead  before  his  eyes,  tlie  first  thing  which  will 
strike  him  is  its  vivid  colour  verging  a  little  towards 
orange  ;  if  he  crumbles  it  between  his  fingers,  he  \vill  find 
it  to  be  an  almost  impalpable  powder ;  if  he  poizes  it  in 
his  hand,  he  will  perceive  it  to  be  much  heavier  than 
either  brick  dust  or  red  ochre,  with  which  substances  it  is 
sometimes  adulterated  ;  if  he  compares  it  with  a  piece  of 
lead,  he  will  be  astonished  how  it  can  be  cither  produced 
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from  lead,  or  be  capable  of  being,  by  a  very  slight  opera¬ 
tion,  reduced  into  lead  again. 

It  has  been  mentioned  in  the  preceding  essay,  that  red 
lead  is  made  from  litharge  at  Holywell :  this  red  lead, 
which  is  made  from  litharge,  is  not  perhaps,  in  all  its  pro¬ 
perties,  of  quite  the  same  kind  with  that  which  is  made  di¬ 
rectly  from  lead ;  at  least  I  have  been  informed,  that  the 
makers  of  flint  glass,  who  use  much  red  lead  in  the  com¬ 
position  of  that  glass,  are  of  opinion,  that  the  litharge  red 
lead  does  not  flux  so  well  as  that  which  is  made  from  the 
direct  calcination  of  lead,  as  is  practised  in  Derby¬ 
shire.  There  are  in  that  county  nme  red  lead  mills  or 
furnaces,  all  of  which  are  much  upon  the  same  construc¬ 
tion. 

The  furnace  is  very  like  a  baker’s  oven,  its  vaulted 
roof  is  not  a  great  distance  from  the  bottom  or  floor,  on 
each  side  of  the  furnace  there  are  two  party  walls,  rising 
from  the  floor  of  the  furnace,  but  not  reaching  to  the  roof ; 
into  the  intervals,  between  these  walls  and  the  sides  of  the 
furnace,  the  pit- coal  is  put,  the  flame  of  which  being 
drawn  over  the  party  walls,  and  striking  upon  the  roof,  is 
from  thence  reflected  down  upon  the  lead,  which  is  placed 
in  a  cavity  at  the  bottom,  by  which  means  the  lead  is  soon 
melted.  The  surface  of  melted  lead,  when  exposed  to 
the  open  air,  instantly  becomes  covered  with  a  dusky 
pellicle  ;  and  this  pellicle  being  removed  another  is  form¬ 
ed,  and  thus  by  removing  the  pellicle,  as  fast  as  it  forms, 
the  greatest  part  of  the  lead  is  changed  into  a  yellowish 
green  pow'der.  This  yellowish  powder  is  then  ground 
very  fine  in  a  mill,  and  being  washed,  in  order  to  separate 
it  from  such  parts  of  the  lead  as  are  still  in  their  metallic 
state,  it  becomes  of  an  uniform  yellow  colour,  and,  when 
it  is  dried  to  a  proper  consistency,  it  b  thrown  back  again 
into  the  furnace,  and  being  constantiy  stirred,  so  that  all 
its  parts  may  be  exposed  to  the  action  of  the  flame  of  the 
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pit  coal,  in  about  48  hours  it  becomes  red  lead^  and  is 
taken  out  for  use. 

The  colour  of  the  red  lead  admits  some  variety,  which 
is  occasioned  by  the  different  degrees  of  heat.  If  the  heat 
is  too  small,  instead  of  red  it  is  yellow  or  orange  coloured  ; 
if  it  is  too  great,  the  red  colour  is  changed  into  a  dirty 
white,  between  these  two  extremes  it  is  subject  to  some 
diversity  of  shades  of  red,  which  cannot  be  well  noticed 
or  described,  except  by  those  who  arc  engaged  in  the 
making  of  it. 

It  has  been  asserted,  that  the  reverberation  of  die  flame 
and  smoke  upon  the  surface  of  die  lead,  is  not  a  neces¬ 
sary  circumstance  in  giving  it  a  red  colour,  but  that  it 
will  acquire  this  colour  by  a  long  calcination  without 
coming  into  contact  with  the  flame.  The  truth  of  this 
assertion  I  think  may  be  doubted.  I  have  more  than 
once  calcined  lead  for  above  60  hours,  without  suffering 
the  flame  of  the  fire  to  touch  it  during  any  part  of  the  pro¬ 
cess,  but  by  diis  method  I  could  never  obtain  any  thing 
better  than  a  dirty  red,  resembling  the  red  of  brickdust, 
which  is  very  different  from  the  colour  of  red  lead  ;  and  ( 
even  this  dirty  red  was  changed  into  a  yellow  colour,  by 
augmenting  the  degree  of  heat  with  which  die  lead  had 
been  calcined.  The  method  of  making  red  lead  is  very  j 

well  understood  in  England  and  Holland,  but  not  in  j 

France;  and  die  French  workmen  are  of  opinion  that  it  ( 

cannot  be  made  by  the  flame  of  wood  fires.*  i 

During  the  making  of  red  lead,  part  of  it  is  volatilized,  t 

there  rises  up  from  it  a  vapour,  which  attaches  itself  to  the  i 

roof  of  die  furnace,  and  forms  solid  lumps.  These  lumps  g 

are  of  a  yellowish  white  colour  mixed  .with  pale  green  ^ 

.and  some  reddish  streaks,  wherein  are  frequently  small  j 

red  crystals,  resembling  such  as  may  be  artificially  fonn-  c 

*  Mem.  de  r Acad,  des  Seien.  1770.  Elemens  dc  Mineral, 

M.Sagc.  Vol,  2.p.  248.  ^ 
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cd  by  subliming  sulphur  and  arstnic  together.  The  work¬ 
men  call  the  whole  of  what  is  separated  from  the  lead  in 
die  form  of  smoke,  sulphur  :  when  this  sublimed  matter 
is  detached  from  thereof  of  the  furnace,  the  red  parts  are 
converted  by  a  subsequent  process,  into  red  lead  ;  and  die 
yellow  ones  are  sent  to  the  smelting  furnaces,  to  be  run 
down  again  into  lead.  The  quantity  of  this  sublimate 
amounts  to  about  five  hundred  weight  in  making  one 
hundred  tons  of  red  lead.  The  proportion  here  assigned 
is  not  wholly  to  be  relied  on,  since  the  smoke  arisuig  from 
the  lead  forms  itself  into  larger  masses,  and  in  less  time, 
when  it  is  not  constantly  swept  from  the  roof  of  the  fur¬ 
nace  than  when  it  is ;  and  the  w  orkmen  endeavour  to 
keep  the  roof  as  free  from  it  as  tliey  can,  because  a  small 
portion  of  it  injures  the  colour  of  a  large  quantity  of  the 
red  lead  w  ith  which  it  happens  to  be  mixed. 

A  ton  or  twenty  hundred  weight  of  lead  generally  gives 
twenty- tu'o  hundred  weight  of  red  lead,  notwithstanding 
the  loss  of  substance  which  the  lead  evidently  sustains 
from  the  copious  smoke  w^hich  arises  from  it  during  the 
opcTation.”  [3  Jf'atson337* 

The  method  of  making  red  lead  in  England :  from  Jar’s 
Voyages  Metallurgiques,  vol.  2,  p.  569.  There  are  two 
manufactories  of  red  lead  in  Derbvshire,  at  Chesterfield 
and  at  W  orksw^orth.  The  furnace  appropriated  to  this 
operation  is  a  reverberatory  with  two  fire  places  under  one 
and  the  same  arch,  which  are  separated  from  the  floor  in 
tlie  middle  of  the  furnace  by  a  w^all  on  each  side  about  12 
inches  high.  Each  fire  place  is  about  15  inches  wide, 
andmns  the  whole  length  of  die  furnace  from  the  front  to 
the  back’or- about  9  feet.  The  distance  between  the  fire 
places  on  each  side  is  about  ten  feet.  The  mouth  or  front 
opening  of  the  furnace  is  about  19  inches  by  16  in  height: 
neither  tliis  opening,  or  those  of  the  fire  places  on  each 
side  of  it’are  ever  closed.  They  are  alt  situated  under  a 
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high  chimney,  common  to  them  all,  and  opening  inside ; 
M  that  the  furnace  is  in  fact  a  common  baker’s  oven,  of 
which,  the  bottom  by  two  walls  running  the  whole  length 
of  the  arch,  is  divided  into  three  parts  ;  the  middle  being 
the  hearth  on  which  the  lead  is  placed,  in  size  about  10 
feet  by  9  feet,  the  other  two  parts  on  each  side  being  fire 
places  of  which  tlic  dimensions  are  9  feet  by  12  inches 
and  15  inches.  These  fire  places  have  neither  grate  or 
ash  hole.  The  coal  in  middling  sized  lumps  is  thrown 
into  these  fire  places,  which  it  fills  to  the  level  of  the  side 
walls  (that  is  12  inches  high.)  The  hearth  is  accurately 
and  neatly  laid  with  fire  brick,  with  very  small  joints  and 
is  perfeedy  level.  The  hearth  is  common,  extending  from 
the  springing  of  the  arch  on  one  side,  to  the  springing  of 
the  same  on  the  other. 

About  fifteen  hundred  weight  of  lead  is  the  common 
charge  of  the  furnace,  of  which  about  one-tenth  is  slag- 
lead,  (procured  by  working  the  slags  over  again).  The 
workman  begins  by  forming  a  ledge  just  inside  the  mouth 
of  the  furnace,  of  the  yellowish  slag  or  refuse  of  the  wash¬ 
ing  of  the  red  lead  of  the  preceding  charge  :  this  serves 
to  keep  in  die  melted  lead  during  the  operation.  The 
flame  from  die  coal  fire  on  each  side  strikes  against  the 
roof  of  the  arch,  and  is  reverberated  downwiird  on  thg 
surface  of  the  metallic  lead  on  the  hearth.  During  all 
this  time,  a  man  standing  in  front  of  the  furnace,  rakes  the 
melted  lead  with  an  iron  rake  which  is  suspended  by  a 
chain  hung  on  the  outside  of  the  mouth  of  the  furnace,  so 
that  the  man’s  hands  are  freed  from  the  weight  of  the 
rake,  and  he  has  nothing  to  do  but  push  it  backward  and 
forward.  As  the  oxyd  forms,  he  draws  it  to  one  side 
leaving  the  centre  of  die  hearth  filled  with  melted  lead, 
of  which  by  the  rake  he  continually  exposes  fresh  sur¬ 
faces,  until  the  whole  is  converted  into  a  dusty  oxyd. 
This  requires  from  4  to  5  or  6  hours.  The  whole  of  the 
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lead  however,  is  not  converted  into  oxyd.  Tlierc  are  al¬ 
ways  some  refractory  lumps  remaining,  which  are  col¬ 
lected,  melted  over  again,  and  worked  up  in  the  next 
charge.  (Tlicse  are  probably  parts  of  the  lead,  alloyed 
with  silver,  zinc  or  antimony,  or  all  three.) 

The  fire  is  well  kept  up  during  the  whole  time ;  but  as 
the  mouths  of  the  furnace  and  also  of  the  fire  places  are 
kept  constantly  open  to  expose  the  surface  of  the  lead  to 
the  air,  the  heat  never  exceeds  a  full  cherry-red.  The 
smoke  and  dust  passes  up  the  chimney  situated  over  the 
moutli  of  the  furnace. 

At  the  end  of  about  5  hours  the  lead  is  converted  into 
grey  ashes,  but  it  takes  a  continued  heat  of  about  24  hours 
to  convert  it  into  massicot ;  during  this  time,  it  is  raked 
just  enough  to  prevent  its  clotting,  and  forming  lumps, 
as  well  as  any  tendency  to  fusion.  It  is  then  raked  out 
upon  the  floor  of  the  apartment  which  is  well  and  neatly 
paved  with  hard  brick.  In  this  state  while  on  the  floor, 
it  is  wetted  with  water  and  raked ;  and  when  cold  it  as¬ 
sumes  the  colour  of  yellow  ochre.  In  this  wet  state  it  is 
taken  away  and  ground  between  two  milUstones.  But 
this  operation  does  not  grind  it  fine  enough.  Hence,  af¬ 
ter  it  has  been  discharged  from  the  mill-stones  into  the  tub 
placed  to  receive  it,  a  man  takes  it  up  in  a  copper  basin, 
and  agitates  it  under  water  in  anotlier  vessel,  until  by 
turning  the  basin  round  backward  and  forward  in  a  half 
circle,  all  the  fine  part  is  washed  out  of  the  basin  and  falls 
into  the  tub  of  water,  while  the  coarse  sediment  in  the  ba¬ 
sin,  is  thrown  aside,  eitlier  to  be  ground  or  remelted.  It 
is  this  sediment  which  is  employed  to  form  the  dam  or 
ledge  in  front  of  the  furnace,  used  to  keep  in  Ae  charge 
of  melted  lead.  The  massicot  so  ground  and  washed, 
subsides ;  the  water  is  turned  off  from  it,  and  it  is  then 
carried  to  the  furnace  again  for  the  next  operation.  Some 
manufacturers  use  the  same  furnace ;  others  more  con- 


veniently  have  another  furnace  of  the  same  kind  for  the 
conversion  of  massicot  into  minium  or  red  lead. 

The  yellow  sediment  is  now  carried  to  the  hearth  of 
the  furnace  :  the  fires  on  each  side  are  lighted,  and  kept 
up  as  before.  As  the  coaks  or  cinders  form,  they  are  raked 
out  and  fresh  coals  put  in.  The  yellow  oxyd  is  now  stir¬ 
red  only  often  enough  to  keep  it  in  a  separate  and  pow¬ 
dery  state,  and  very  gradually  to  expose  fresh  surfaces  to 
the  air.  In  from  4*J  to  48  hours,  the  yellow  colour  gra¬ 
dually  disappears  and  is  converted  into  a  deep  brownish 
red.  (This  is  in  my  opinion  the  puce  coloured  per-oxyd 
of  lead.)  But  when  cold,  this  brownish  red,  passes  into 
the  bright  red  of  the  minium  or  red  lead  of  commerce. 
When  taken  out  of  the  furnace,  it  is  spread  over  the  surface 
of  a  large  box  to  cool.  It  is  then  passed  through  a  sieve 
in  a  close  vessel,  to  prevent  loss,  and  collected  for  sale. 

The  coal  used  should  be  but  moderately  bituminous, 
evidently  because  the  carbonaceous  smoke  retards  the 
oxydation.  rhe  coaking,  Newcastle  coal,  is  usually  pre¬ 
ferred  in  England.  They  are  persuaded  that  red  lead 
cannot  be  made  with  wood.  It  may  be  more  difficult, 
partly  on  account  of  the  smoke,  and  partly  on  account  of 
tire  acid  vapour  of  wood  unless  it  be  very  dry.  Certainly 
red  lead  cannot  be  made  by  applying  the  heat  externally  ; 
it  must  be  applied  to  the  surface  of  the  lead. 

I  shall  give  a  plate  of  tlie  red  lead  furnace  in  my  next. 

‘  The  litharge  of  commerce  is  the  refuse  of  the  refining 
furnaces,  although  it  can  be  made  also  in  the  red  lead  fur¬ 
naces-  The  lumps  of  lead  that  cannot  easily  be  convert¬ 
ed  into  oxyd,  might  as  I  think  be  advantageously  thrown 
aside,  for  refining  ;  the  silver,  if  they  contained  it,  would 
doubtless  be  an  obstacle  to  the  oxydatioii.  Litharge,  seems 
that  state  of  lead,  best  adapted  to  the  decomposition  of 
alkaline  neutrals ;  but  I  do  not  know  that  Dr.  Thomp- 
son’s  opinion  has  been  established,  that  it  is  in  any  degree 
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a  carbonat  of  lead,  though  the  rationale  of  the  process  by 
which  it  is  made,  would  point  out  the  formation  of  the  car- 
bonic  acid,  during  the  process  of  refining  lead. 

By  accident  I  mislaid  the  following  important  memoir 
on  the  refining  of  lead  and  the  making  of  Cupells  or  Tests. 
It  is  from  the  Journal  des  Mines,  No.  64. 

Memoir  on  the  Refining  of  Lead;  with  some  reflections  on 
the  inconvenience  of  Ash  Cupells  ;  and  the  description 
of  a  nexv  and  economical  method  of  constructing  Cupells 
or  Refining  V ^ssels  :  read  in  the  French  National  Insti¬ 
tute.  By  C.  Duhamel,  Member  of  the  Institute  and 
Inspector  of  Mines. 

It  is  well  known,  that  to  separate  silver  from  lead,  a 
metallurgic  process  called  refining  or  cupellation,  per¬ 
formed  in  a  vessel  called  a  cupell,  has  been  employed : 
it  is  known  also  that  this  vessel  is  composed  either  of  the 
ashes  of  the  bones  of  animals,  or  of  those  of  vegetables, 
after  they  have  been  lixiviated,  to  free  them  from  the  sa¬ 
line  matters  which  they  may  contain. 

The  great  quantity  of  wood-^ashes  w^hich  must  be  em- 
ployed  in  the  construction  of  cupells,  and  the  difficulty 
of  obtaining  them,  long  ago  induced  me  to  endeavour  to 
discover  a  simpler  and  less  expensive  method  of  con¬ 
structing  the  vessels  in  question.  The  old  chemists  having 
observed  that  lead  becomes  oxydated,  or  reduced  into 
what  is  called  litharge^  w’hen  exposed  to  heat,  or  the  con¬ 
tact  of  the  atmospheric  air,  while  the  silver  united  to  it  re¬ 
tains  its  metallic  form,  nothing  seemed  necessary  but  to 
find  the  means  of  separating  these  two  metals.  They 
were  conducted  to  the  method  of  accomplishing  tins  by 
observing  that  the  oxyd  of  lead,  in  its  state  of  liquefaction, 
easily  penetrates  the  substances  which  are  in  contact  w'ith 
it,  arid  especially  bone-ashes,  without  deforming  the  ves- 
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sels  which  are  formed  of  them.  No  matter,  indeed,  is 
more  proper  tlian  the  latter  for  constructing  srhall  refining 
cupells. 

The  difficulty,  and  often  even  the  impossibility,  of  ob¬ 
taining  about  160  English  gallons  of  ashes  for  each  ope¬ 
ration  of  refining  on  a  large  scale  in  the  German  furnaces, 
made  the  proprietors  have  recourse  to  wood-ashes ;  but, 
besides  that  tliese  ashes  are  expensive,  it  often  happens 
that  they  cannot  be  procured  in  sufficient  quantity.  They 
are  even  attended  with  one  inconvenience,  which  is,  that 
they  come  off,  and  float  on  the  fused  lead ;  the  refining 
then  fails :  and  this  takes  place  every  time  that  the  ashes 
are  badly  prepared,  that  the  cupell  is  insufficiently  or  not 
uniformly  beat,  or  when  the  canals  destined  for  the  evapo¬ 
ration  of  the  moisture  are  neither  in  sufficient  number, 
nor  properly  arranged,  nor  covered  with  a  stratum  of 
scoriae,  on  which  is  established  the  bottom,  that  receives 
the  ashes,  and  which  ought  to  be  constructed  of  the  most 
pdrous  bricks,  in  order  that  the  water,  with  which  it  is 
necessary  to  moisten  the  ashes,  may  penetrate  them  in 
evaporating,  may  proceed  to  the  bed  of  scoriae,  and  escape 
by  the  spiracles  which  are  at  the  base  of  the  furnace. 

To  ascertain  the  proportion  of  lead  in  silver,  it  is  suf¬ 
ficient  to  put  some  pennyweights  into  a  small  cupell  of 
bone- ashes  placed  under  the  muffle  of  an  assaying  fur¬ 
nace.  Ill  proportion  as  the  lead  becomes  oxydated,  it  in¬ 
sinuates  itself  into  the  cupell,  and  the  silver  at  last  as¬ 
sumes  that  vivid  appearance  which  announces  that  the 
whole  lead  is  dissipated,  that  the  silver  it  contained  is  re¬ 
fined,  and  has  attained  to  its  maximum  of  purity.  ► 

In  refining  on  a  large  scale,  tlie  object  also  is  to  sepa-' 
rate  the  silver  from  the  lead,  but  not  to  make  the  whole 
of  the  latter  penetrate  into  the  cupell,  which  is  even  im¬ 
possible  ;  for  in  that  case  it  would  be  necessary  to  have 
a  miich  larger  quantity  of  ashes  for  the  total  absorptipn  of 
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ihe  metal :  besides,  the  operation  would  require  a  period 
ten  times  as  long  as  that  used  in  general  for  refining,  and 
would  occasion  ten  times  the  expence  in  fuel,  and  a  much 
greater  loss  of  the  metals  than  by  the  usual  process,  where 
the  greater  part  of  the  lead  is  obtained  in  litharge,  while  a 
portion  penetrates  into  the  ciipell  for  about  two  inches  of 
its  thickness,  which  must  be  fused  to  revive  the  lead. 
This  reduction  is  also  more  expensive,  and  experiences 
a  greater  loss  than  the  litharge,  which  is  easily  fused,  and 
tvhich,  w'ithout  passing  through  the  funiacc,  may  be  cm- 
ployed  as  an  article  in  commerce. 

Lead  ore  and  litharge  may  be  fused  as  in  England,  and 
the  department  of  the  ci-devant  Brittany,  in  a  rc^xTberating 
furnace  the  soles  or  basons  of  w’hich  are  formed  of  pound¬ 
ed  and  moistened  clay.  These  soles  can  stand  the  action 
of  heat  and  of  the  oxyd  of  lead  for  six  or  eight  months  ol' 
uninterrupted  labour. 

The  durability  of  these  eartliqn  soles  gave  me  the  first 
idea  of  tlie  method,  w^hich  I  shall  hereafter  propose,  for 
refining- furnaces,  where  the  only  thing  required  is  to 
oxydate  the  lead  to  obtain  it  in  litharge,  and  not  to  cause 
the  cupells  to  imbibe  the  whole  of  it,  as  is  done  when  the 
object  is  to  assay  the  metal  in  order  to  know  whether  it 
contains  silver.  In  operating  on  a  large  scale,  the  cupell, 
though  of  ashes,  absorbs  only  a  part  of  the  lead,  as  I  have 
already  said,  observing  at  the  same  time  that  it  would  be 
much  more  advantageous  to  obtain  the  whole  transformed 
into  litharge,  the  reduction  of  which  into  lead  is  much 
easier  than  that  of  the  oxyd  contained  in  the  ashes,  w’hich 
oppose  fusion,  and  the  scorine  of  which  always  carry  with 
them  some  of  the  metal. 

In  a  cupell  of  ashes  beat  into  an  oval  circle  of  iron,  the 
greater  diameter  of  which  is  only  five  or  six  fi  et  and  the 
less  one  yard,  the  English  refine  from  a  ton  to  23  cwt.  of 
lead,  which  is  converted  into  beautiful  litharge,  except  the 
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small  portion  which  penetrates  into  the  cupell,  the  thick-  | 
ness  of  which  is  only  about  2  3-4  inches,  and  which  is  sup-  ll 
ported  under  the  arch  of  the  furnace  by  two  bars  of  iron.  H 
A  pair  of  leather  bellows  drive  the  litharge  towards  the  || 
anterior  part  of  the  furnace,  from  which  it  falls,  without  || 
interruption,  on  the  floor  of  the  foundry^  while,  to  fill  up  f  ■ 
tlie  vacuity  left  by  the  oxyd  running  off,  an  ingot  of  lead  f  ■ 
placed  close  to  the  base  of  the  bellows  is  made  to  advance  j 
gradually  into  the  interior  part  of  the  furnace.  This  lead,  | 
by  fusing,  keeps  the  cupell  full  till  towards  tlie  end  of  tlic  I 
operation.  S 

If  I  have  here  given  a  short  view  of  the  process  of  the  f  ? 
English,  it  is  only  to  shew  that  it  is  possible  to  perform  ( 
operations  of  refining  by  employing  only  a  small  quantity  i 
of  ashes  for  the  construction  of  cupells.  Those  in  ques-  * 
tion  do  not  absorb  90  pounds  of  oxyd  in  the  large  quan-  5 
tity  of  lead  which  is  refined.  f ; 

It  is  tlien  proved  that  meUillurgists  have  always  endea-  j  j 
voured  to  obtain  the  greatest  quantity  possible  of  litharge,  ^  | 
and  little  ashes  impregnated  with  oxyd ;  but  as  they  :| 
thought  that  they  ought  not  to  deviate  from  the  docimas- 
tic  process,  they  have  always  constructed  their  cupells  of  | 

ashes.  \ 

It  has  been  seen  that  in  cupellation  on  a  small  scale,  ' 
lead,  in  proportion  to  its  oxydation,  penetrates  the  ashes. 
When  no  more  is  left,  the  small  button  of  silver  remains 
pure  at  the  bottom  of  the  bason  under  a  spherical  form.  | 
This  operation  takes  place  with  the  more  celerity,  as  the  I 
surface  of  the  mass  is  always  convex  in  these  small  ves-  J 
sels ;  which  allows  the  oxyd  to  flow  as  on  an  inclined  | 
plane,  towards  the  edges  of  tlic  cupell,  where  it  is  imme¬ 
diately  imbibed. 

The  case  is  not  the  same  with  cupells  on  a  large  scale, 
which  are  several  yards  in  diameter :  bellows  must  be  ap¬ 
plied,  the  wind  of  ;vhich  serves  not  only  for  accelerating 
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ihe  oxydation,  but  also  for  driving  the  litliargc  towards 
the  gutter  formed  for  its  escape. 

We  have  remarked  the  inconveniences  and  even  the 
impossibility  of  making  the  whole  lead  penetrate  into  the 
ashes  of  large  cupells  :  oxydation,  indeed,  is  not  effected 
but  in  the  parts  cf  the  mass  exposed  to  the  contact 
of  the  air  or  to  the  wind  of  the  bellows ;  but  as  li¬ 
tharge,  towards  the  middle  of  the  bason,  could  not  reach 
its  edges,  it  would  remain  there  in  a  state  of  stagnation, 
and  would  necessarily  oppose  the  formation  of  a  new  stra¬ 
tum  of  oxyd.  This  has  induced  metallurgists  to  expel 
the  litharge  by  the  wind  of  a  pair  of  bellows  in  proportion 
as  it  is  formed,  and  to  make  it  flow  from  the  furnace.* 

Oxydation  then  take  place  only  at  the  surface  of  the 
mass,  and  not  at  its  lower  part :  if  the  case  were  other¬ 
wise,  the  ashes  of  cupells  would-be  penetrated  by  the  oxyd 
to  a  thickness  the  more  unequal,  as  the  operation  is  long¬ 
er  ;  but  I  have  always  remarked,  that  the  test,  or  the  part 
of  the  ashes  impregnated  with  lithai'ge,  in  refining  on  a 
large  scale,  is  not  thicker  in  the  centre  of  the  bason  than 
towards  its  circumference,  though  the  lead  remains  thirty 
or  forty  times  as  long  in  the  bottom  as  on  the  edges  ; 
since  tlie  mass  continually  decreases  till  the  wiiole  lead 
is  reduced  to  litharge,  and  till  nothing  remains  hut  a  cake 
of  silver  at  the  bottom  of  the  cupcll. 

If  the  whole  lead  is  imbibed  by  the  assaying  cupell,  it 
is  because  this  small  vcsstl  is  exposed  to  a  heat  uniform 
in  all  its  parts.  As  the  cupell,  in  operations  on  a  large 
scale,  presents  to  the  action  of  the  caloric  only  its  upper 
surface,  the  oxyd  imbibed  ceases  to  penetrate  it  at  the 
place  where  the  temperature  is  no  longer  high  enough  to 
keep  that  oxyd  in  a  state  of  fusion.  For  this  reason,  the 
thickness  impregnated  is  equal  throughout  the  whole  ex¬ 
tent  of  the  cupell ;  and  this  prevents  the  possibility  of 
making  the  whole  lead  penetrate  into  the  ashes. 
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From  the  above  observations  it  may  easily  be  conceiv* 
cd,  that  if  the  assaying  of  lead  ought  to  be  performed  in 
small  cupells  of  bone-ashes,  in  order  that  the  oxydated 
metal  may  penetrate  them,  and  be  in  part  evaporated,  the 
case  is  different  with  refining  on  a  large  scale,  where  it  is 
necessary  to  accelerate  the  operation,  and  to  obtain  as 
much  iithai'ge  as  possible. 

I  have  already  said,  that  the  wood  ashes  of  which  cu¬ 
pells  are  made  for  refining  on  a  large  scale  are  expensive ; 
that  very  often  a  sufficient  quantity  cannot  be  procured ; 
and  that  besides  this,  part  of  the  ashes,  and  sometimes  the 
w'hole,  separate  themselves  entirely  from  the  sole ;  W'hich 
occasion  a  considerable  loss.  I  shall  add,  that  to  give 
more  weight  and  consistence  to  the  cupells,  it  is  often  ne¬ 
cessary  to  mix  with  the  ashes  a  large  quantity  of  sand  ; 
especially  if  the  lead  contains  foreign  substances,  such  as 
arsenic,  cobalt,  antimony,  tin,  See.  If  the  lead  be  only 
‘  arsenical,  after  having  separated  the  first  scum,  a  quarter 
of  a  hundred  weight  of  iron  filings  or  cast  iron  turnings 
are  now  and  then  thrown  over  the  whole  surface  of  the 
mass.  This  iron,  being  lighter  than  lead,  floats  over  it 
and  absorbs  the  arsenic,  after  which  the  mass  must  be 
scummed  :  soon  after,  the  litharge  is  formed  without  any 
obstacle.  This  method  is  employed  in  Saxony. 

The  necessity  of  adding  sand  to  the  ashes  of  cupells 
must  have  conducted  to  the  discovery  of  the  following 
means,  which  I  shall  here  propose. 

New  Method  of  constructing  Basons  for  Refining. 

Without  making  any  change  in  the  mason-work  of  die 
refining  furnace,  called  the  German,  care  only  must  be 
taken  to  form  at  die  bottom  a  sufficient  number  of  canals 
for  the  evaporation  of  the  moisture,  and  to  arrange  them 
in  die  manner  best  calculated  to  produce  that  effect. 
These  canals  or  spiracles  must  be  covered  with  a  bed  of 
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.scoriae,  over  which  a  pavement  is  to  be  made  of  one  layer 
of  the  most  porous  bricks. 

On  this  area,  which  must  be  concave  like  the  sole  on 
whicli  the  ashes  of  common  cupells  are  beat,  place  foun¬ 
ders’  sand  a  little  moistened ;  to  which  may  be  added  a 
fifteenth  part  of  argil,  if  it  is  not  sufficiently  earthy,  in  or¬ 
der  to  give  it  the  requisite  solidity ;  and  the  whole  must 
be  carefully  mixed.  This  sand  must  be  rammed  in  the 
same  manner  as  for  consolidating  ashes ;  and  a  refinhig 
bason  is  to  be  formed  in  like  manner,  unifonnly  beat  in 
all  its  parts.  The  thickness  of  this  cupell  must  be  six  or 
seven  inches :  it  may  be  formed  of  two  strata,  as  will  be 
seen  hereafter. 

After  the  bason  has  been  uniformly  beat  in  every  part, 
about  a  gallon  of  lixiviated  wood-ashes  may  be  sifted 
over  its  whole  surface,  and  rendered  adherent  witli  beat¬ 
ers. 

When  tiie  cupell  is  thus  prepared,  let  down  the  head 
on  tlie  furnace  and  make  a  moderate  fire  in  the  fire-hole ; 
which  must  be  maintained  for  several  hours,  in  order  to 
cause  a  part  of  the  water,  witli  wliich  the  sand  has  been 
moistened,  to  evaporate.  The  surplus  will  be  dissipated 
during  the  oix.*ration,  without  any  inconvenience,  by  ca¬ 
nals  of  evaporation. 

Alter  a  sufficient  desiccation,  raise  the  head  and  suffer 
the  cupell  to  cool  a  little ;  spread  out  straw  or  hay  over  it, 
and  arrange  the  ingots  of  lead,  placing  them  gently  on  it 
that  their  weight  may  not  derange  the  sand  :  it  is  to  pre- 
vent  such  derangement  that  straw’  is  employed,  as  is  done 
in  regard  to  cupells  of  bone-ashes.*  When  the  quantity ' 
of  lead  necessary  for  filling  the  cupell  is  arranged  in  the 
furnace,  let  down  the  head,  and,  having  luted  it  round 

*  Instead  of  prismatic  ingots  it  will  be  better  to  cast  the  lead 
in  hemispherical  iron  moulds.  Pieces  of  that  form  are  less  liable 
to  damage  the  cupellf 
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with  soft  clay,  make  fire  in  the  fire- hole  as  for  the  common 
operations  of  refining. 

When  the  lead  is  in  complete  fusion,  and  the  mass  is 
covered  with  scum  and  chaned  straw,  make  the  scum  or 
dross  run  off  by  the  gutter  for  the  litharge  with  a  bit  of 
board  about  a  foot  in  length,  in  the  middle  of  which  is 
fastened  a  rod  of  iron  of  sufficient  length  to  traverse  the 
furnace  and  about  a  yard  more. 

When  the  lead  has  been  well  scummed  several  times, 
and  begins  to  be  red,  'make  the  bellows  act,  but  at  first 
gently ;  arrange  the  nozzles  of  them  in  such  a  manner, 
that  the  w’ind  issuing  from  both  may  be  directed  to  the 
centre  of  the  cupell ;  and  in  order  that  the  wind  may  be 
always  reverberated  on  the  mass,  adapt  to  the  extremity  oi' 
each  nozzle  a  small  round  piece  of  iron  piatr.  'rhis 
kind  of  valves,  which  the  French  rtfint  rs  ci.il  papillons^ 
is  employed  for  refining  according  to  the  German  nicthed. 
They  are  suspended  by  hinges  at  their  uj)per  part :  at 
each  stroke  of  the  bellows  they  are  half  raised,  and  they 
reverberate  the  wind  on  the  lead,  \vhich  accelerates  its 
oxydation. 

After  all  the  dross  or  scum  is  removed,  and  when  the 
lead  has  become  exceedingly  red,  and  covered  with  a  stra¬ 
tum  of  litharge,  form,  with  a  small  iron  hook  destined  for 
that  purpose,  a  small  gutter  in  the  sand  of  the  cupell, 
which  must  be  dug  deeper,  gi*adually  and  with  caution, 
until  the  bottom  of  it  be  on  a  level  with  the  mass.  The 
litharge  then,  driven  by  the  wind  of  the  bellou  s  towards 
the  anterior  part  of  the  furnace,  will  run  by  this  gutter 
and  fall  on  the  floor  of  the  foundry,  as  is  the  case  in  the 
common  operations  of  refining. 

When  the  refiner  ob.;erves  that  no  more  litharge  re¬ 
mains  in  the  neighbourhood  of  the  gutter,  he  null  stop 
the  flowing  off  with  a  small  quantity  of  moistened  ashes : 
but  as  soon  as  the  lead  again  becomes  covered  U’ith  oxyd. 
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the  gutter  must  be  opened,  and  must  be  dug  in  propor¬ 
tion  to  the  diminution  of  the  mass,  taking  care  that  no 
lead  escapes,  and  particularly  towards  the  end  of  the  ope¬ 
ration  ;  for  it  would  carry  widi  it  a  great  deal  of  silver, 
which  would  be  lost.  You  must  proceed  in  this  manner 
till  the  silver  has  acquired  its  vivid  colour ;  taking  care  to 
increase  the  fire  in  proportion  to  tlie  diminution  of  the 
mass ;  especially  when  the  operation  is  nearly  terminated, 
because  the  silver  then  is  collected  together :  and,  as  it  is 
much  more  difficult  to  be  kept  in  fusion  than  the  small 
quantity  of  lead  which  remains  united  with  it,  it  could  be 
refined  only  in  an  imperfect  manner  at  an  insufficient  tem¬ 
perature';  and  instead  of  about  a  twentieth  of  lead,  which 
the  silver  generally  contains  in  the  German  refining-hous¬ 
es,  it  w^ould  remain  charged  wath  a  great  deal  more,  which 
would  render  it  more  difficult  to  proceed  to  a  second  ope¬ 
ration,  called  the  refining  of  silver ^  by  which  it  is  carried 
to  the  required  degree  of  purity.  The  Germans  call  this 
second  process  silher  brennen^  burning  silver. 

Those  accustomed  to  the  refining  of  lead  according  to 
the  German  method,  will  be  able  to  perform  that  which 
I  here  propose  ;  for,  though  the  cupell  be  of  sand  instead 
of  ashes,  the  operation  must  be  conducted  in  the  same 
manner. 

It  has  been  seen  that  the  English  refine  a  large  quan¬ 
tity  of  lead  in  a  small  cupell :  in  the  like  manner,  a  great 
deal  of  metal  may  be  made  to  pass  by  that  wdiich  I  pro¬ 
pose,  if  care  be  taken  to  add  more  metal  as  tliat  which  is 
oxydated  escapes.  If  W’e  suppose  that  the  cupell  is  capa¬ 
ble  of  cojitaining  four  or  five  tons  of  lead,  above  sixteen 
may  be  refined  at  one  operation ;  wffiich  will  not  be  at¬ 
tended  with  the  inconveniences  of  the  English  process. 

I  have  reason  to  think  that  a  cupell  of  sand  w'ell  con¬ 
structed  may  serve  for  several  operations  without  the  ne¬ 
cessity  of  re-constructing  it  each  time,  as  is  the  case  with 
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those  of  ashes ;  but  In  this  case,  and  before  the  lead  is  in¬ 
troduced,  you  must  fill  up  the  gutter  which  has  been 
made  for  tlie  litharge  to  run  off,  after  having  removed  with 
a  chisel  the  kind  of  varnish  which  the  oxvd  of  lead  has 

ft 

left  on  the  sides  of  it,  in  order  that  the  new  sand,  some¬ 
what  moistened,  may  form  an  intimate  connection  with 
the  old  sand,  which  must  also  be  watered  in  that  part  be¬ 
fore  the  new  sand  is  deposited. 

The  long  duration  of  earthen  soles  in  reverberating  fur¬ 
naces,  where  lead  ore  and  even  litharge  are  fused,  as  I 
have  already  mentioned,  leaves  no  room  for  apprehension 
in  regard  to  the  action  of  the  oxyd  of  lead,  wliich  will  act 
only  at  the  surface  of  the  cupell,  and  will  penetrate  only  a 
verj^  small  part  of  its  thickness. 

After  one  or  more  operations  of  refining,  this  crust  must 
be  removed,  and  fused  in  a  furnace  in  contact  with  fuel, 
in  order  to  obtain  tlie  lead.  This  process  will  be  as  easy 
as  the  reduction  of  that  metal  contained  in  the  ashes  of 
common  cupells,  and  in  a  much  smaller  quantity.  More 
litharge  then  will  be  obtained  by  the  new  method  than  the 
old ;  which  is  an  advantage,  as  I  have  already  observed. 

I  shall  here  add,  that  as  the  sole  of  sand  does  not  absorb 
so  much  oxyd  of  lead  as  that  of  ashes,  it  wall  not  carry 
with  it  so  much  silver  ;  for  it  is  well  know  n  that  lead  re¬ 
vived  from  its  ashes  ahvays  contains  more  than  that  which 
arises  from  the  reduction  of  litharge.  * 

Instead  of  sand,  argillaceous  earth  might  be  employed 
for  the  construction  of  cupells,  as  is  the  case  in  regard  to 
the  soles  of  the  reverberating  furnaces  in  tlic  ci-devant 
Brittany ;  but  it  would  be  necessary  to  ram  this  earth  re¬ 
peatedly  for  several  days ;  otherw  ise  it  would  split,  and 
these  cracks  would  increase  by  the  shrinking  which  must 
result  from  the  heat,  and  lead  would  insinuate  itself  into 
these  fissures :  an  inconvenience  which  cannot  take  place  | 
with  ^nd  even  a  little  earthy.  I  shall  observe  also,  that  a 
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sole  of  earth  would  harden  too  much  to  allow  a  gutter  to 
be  dug  for  the  passage  of  the  litharge  :  in  this  case  it 
^  would  be  necessary  that  the  place  destined  for  the  oxyd 

I  to  run  off  should  be  constructed  with  sand  or  lixiviated 

ashes. 

I  shall  add  also,  that  it  will  be  advantageous  to  employ 
two  kinds  of  sand  in  the  formation  of  the  bason  of  the 
cupell ;  one  kind  fine  like  that  used  by  founders,  and 
the  other  coarser  and  not  earthy  :  the  latter  will  form  the 
first  stratum,  which,  after  being  beat  with  rammers  des- 
^  tined  for  that  purpose,  ought  to  be  about  three  inches 

.  and  a  half  in  thickness.  The  fine  sand,  a  little  earthy, 

imust  then  be  applied  over  this  first  stratum  to  form  a  se¬ 
cond,  which  is  to  be  rammed  like  the  former.  Both  these 
kinds  of  sand  must  be  somewhat  moistened  before  they 
are  introduced  into  the  furnace,  in  order  that  they  may 
be  better  heaped  up,  and  be  consolidated  by  the  ram¬ 
mers. 

The  sand  of  the  lower  stratum,  being  coarser  than  that 
of  the  upper,  will  absorb  the  moisture  of  the  latter  in  pro¬ 
portion  as  it  evaporates ;  and  it  will  pass  without  any  ob¬ 
stacle  through  the  canals  disposed  for  that  purpose. 

The  lower  stratum  of  sand  may  remain  in  its  place 
when  a  new  cupell  is  to  be  constructed  with  fine  sand, 
and  the  part  of  the  latter,  which  has  not  been  impregnated 
with  oxyd,  must  be  mixed  with  new  sand  to  form  a  cu¬ 
pell.  Care  must  be  taken  in  raising  this  sand  not  to 
touch  the  lower  stratum  ;  for  the  sand  of  the  latter,  which 
is  coarse,  must  not  be  mixed  with  the  other.  This  in¬ 
convenience  may  be  avoided  by  beating  over  the  bed  of 
coarse  sand  a  thin  stratum  of  ashes,  at  which  you  must 
stop  in  removing  the  fine  sand  of  the  upper  stratum*.  . 

It  has  been  said  that  the  founders’  sand  must  be  some¬ 
what  earthy,  and  that,  if  it  is  not,  a  little  argil  must  be 
added  to  give  it  cohesion  :  but,  as  it  is  necessary  tliat  this 
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argil  should  be  uniformly  diffused  through  all  the  parts 
of  the  sand,  it  must  be  diluted  in  the  water  with  which 
the  sand  is  moistened,  and  the  whole  must  be  carefully 
mixed. 

It  may  be  objected,  that  as  cupells  of  sand  do  not  ab¬ 
sorb  so  much  litharge  as  those  of  ashes,  more  time  will 
be  required  to  terminate  the  operation  of  refining ;  since, 
in  the  new  process,  the  oxyd,  instead  of  being  absorbed, 
ought  to  flow  from  the  furnace.  This  circumstance  needs 
excite  no  uneasiness ;  for  the  wind  of  the  bellows,  if  well 
directed  will  make  the  litharge  flow  along  the  gutter  more 
abundantly  than  if  there  had  been  an  absorption. 

I  have  seen  refiners  in  Germany,  who,  in  constructing 
their  cupells  of  ashes,  formed  in  the  middle  of  it  a  small 
circular  depression  the  diameter  of  which  was  proportion? 
ed  to  the  quantity  of  the  silver  which  they  knew  to  be 
contained  in  the  lead  subjected  to  the  operation.  By  this 
excellent  disposition  no  grains  of  that  valuable  metal  re- 
main  insulated  from  the  c^e  ;  the  whole  runs  into  the, 
central  bason,  and  forms  a  cake  perfectly  round.  I  would 
recommend  this  practice. 

I  am  certain  that  the  cupells  here  proposed,  if  careful¬ 
ly  and  properly  constructed,  will  be  attended  with  com¬ 
plete  success;  will  be  free  from  the  inconveniejjces of 
lliose  of  ashes,  and  at  the  same  time  will  be  economical. 
I  am  desirous,  for  the  benefit  of  metallurg)’,  that  the  me¬ 
thod  here  pointed  out  may  be  put  in  practice ;  it  will 
prove  that  we  ought  not  to  be  too  tenacious  in  adhering 
servilely  to  ancient  usages  or  to  the  common  routine  of 
workmen. — 14  Philos*  Mag*  210. 

Acetite  of  Lead.  There  arc  two  acetous  salts  of  lead : 
one  wherein  the  vinegar  is  saturated,  which  is  Goulard's 
extract  of  saturn,  the  quack  medicine  (though  a  good  one) 
commonly  used  to  apply  to  inflammations,  burns  aj:d' 


scalds,  and  bruises.  It  is  this  last  only,  which  is  the  che- 

• 

mical  test  of  the  presence  of  mucilage  and  gum  iv  where- 
oil  sec  Dr.  Bostock’s  paper  in  1 1  Nicholson’s  Journal,  p, 
75.  This  saturated  salt  of  lead,  Goulard’s  extract,  or 
the  aqua  lythargyri  acetati,  contains  lead  21,  acetite  acid 
5,  oxygen  2,1,  water  71,9  :  whereas  the  sugar  of  lead  or 
acctite  of  lead  of  commerce  contains  in  100  parts,  lead 
15,3,  acetite  acid  /,5,  oxygen  1,5,  water  75,7. 

Take  the  corroded  lead  scraped  off  the  blue  lead  in  the 
manufacture  of  w^hite  lead  :  dissolve  this  in  strong,  clear, 
well-fined,  colourless  vinegar.  If  it  be  not  so,  it  must 
be  made  so  by  distillation.  A  moderate  heat  will  assist 
the  solution  ;  but  if  heat  be  applied,  it  should  be  in  close 
vessels.  The  vessels  should  be  of  glass  or  earthen  ware ; 
(or  perhaps  tin  might  answer).  The  vinegar  should  not 
be  quite  saturated.  The  solution  should  slightly  redden 
litmus  paper.  Draw  off  the  solution  quite  clear.  Crys¬ 
tallize  by  slow  evaporation.  If  the  crystals  be  not  per- 
feet,  dissolve  the  crystallized  mass  over  again  in  distilled 
vinegar,  W'hich  I  believe  the  Dutch  always  use. 

I  fancy  the  first  w  ashings  of  the  white  lead  in  the  white 
lead  maniifactoi'}*,  may  be  worth  saving  and  evaporating, 
where  the  intent  is  to  make  sugar  of  lead. 

This  I  believe  to  be  tlie  process :  but  I  am  not  confi¬ 
dent  of  the  accuracy  of  my  information.  In  my  time  it 
w^as  not  made  in  England  :  it  was  entirely  imported  from 
Holland.  The  calico  printers  used  it  in  very  large  quan- 
ties  to  make  printers  mordant,  the  acetite  of  aluminc. 
This  is  made  by  mixing  from  one  part  to  one  part  and  a 
half  of  sugar  of  lead  in  saturated  solution,  wdth  a  saturat¬ 
ed  solution  of  one  part  of  ground  alum.  The  alum  must 
be  previously  tried  to  see  Whether  it  contain  iron :  if  it 
do,  it  will  turn  the  madder  red  of  a  chocolate  hue. 

I  have  already  suggested,  that  the  acetite  of  lime,  made 
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by  dissolving  whiting  or  chalk  in  strong  vinegar,  well 
fined,  may  be  substituted  for  sugar  of  lead. 

.  Sugar  of  lead,  is  coming  greatly  into  fashion  in  doses 
of  from  one  to  three  grains,  in  cases  of  hemorrhage  of  al¬ 
most  every  species. 

•  It  has  been  proposed  to  substitute  the  pyroligneous 
acid  for  vinegar,  and  it  may  be  done ;  but  whether  it  may 
be  done  as  cheaply  as  by  making  vinegar  out  of  cyder, 
or  whiskey  and  sugar,  I  cannot  say.  The  Messrs.  Mol- 
Icrats  (Freres)  at  Paris j  some  years  ago,  presented  a  me¬ 
moir  to  the  institute,  in  which  they  announced  the  making 
of  strong  vinegar  from  the  pyroligneous  acid,  or  the  acid 
distilled  from  wood.  It  had  tlie  pungent  smell  of  radical 
vinegar  :  one  pint  would  make  a  gallon  of  vinegar  of  or¬ 
dinary  strength,  very  clear,  very  pure,  and  very  pleasant. 
I  know  not  the  process.  Dr.  Bollman  has  made  it  in 
small  quantities  perfectly  well.  I  have  made  it,  not  quite 
free  from  empyreuma,  in  the  making  of  carburetted  hy¬ 
drogen  as  a  gas-light  from  wood,  l^efore  my  class.  The 
acid  liquor  that  comes  over  when  the  wood  is  distilled 
being  percolated  through  charcoal,  then  saturated  M’ith 
chalk,  again  j^ercolated,  and  the  acetite  of  lime  so  produc¬ 
ed  distilled  with  sulphuric  acid,  will  produce  a  pyrolig¬ 
neous  acid,  which  however  still  retains  more  empyreuma, 
than  can  be  borne  to  be  used  in  cookerj". 

The  empyreuma  perhaps  w’ould  be  of  no  consequence 
in  making  a  rough  and  impure  sugar  of  lead  for  calico 
printers,  any  more  than  when  it  is  used  by  them  to  make 
the  pyrolignite  of  iron,  for  their  blacks.  But  concerning 
all  this  I  know  little  experimentally.  It  is  a  subject  wortli 
pursuing. 

■  # 

Patent  Mineral  Yellmv.  The  fused  muriat  of  lead, 
produced  by  decomposing  common  salt  by  means  of 
litharge ;  triturating  it  in  the  form  of  a  thin  paste  witlr 


water  for  twelve  or  fourteen  hours  ;  washing  away  the 
soda ;  and  drying  and  fusing  the  white  iniiriat,  I  have  al¬ 
ready  mentioned  under  the  head  of  white  lead  a  few 
pages  back  ;  I  shall  therefore  say  no  more  about  it. 
Turner’s  patent  was  taken  out  February  26,  1780.  It 
was  set  aside  in  1787.  See  Turner  v.  Winter,  1  Dum. 
and  East,  G02.  ^  ~ 

But  as  the  method  of  making  it  in  this  country,  appears 
to  me  to  be  an  improvement,  I  shall  give  it.  I  am  oblig¬ 
ed  for  the  process  to  Dr.  Hunter. 

Take  66  lbs.  litharge,  and  one  bushel  of  salt :  (by  the 
way  I  w^ould  remark,  that  one  bushel  of  Lake  or  Genesee 
salt,  of  Liverpool  fine,  and  of  Norwich  fine,  will  weigh 
but  56  lbs. :  a  bushel  of  Liverpool  salt,  second  fine,  light¬ 
ly  put  into  the  measure  and  not  pressed  down,  will  weigh 
61  lbs. :  a  bushel  of  St.  Ubes’  salt  in  like  manner,  will 
weigh  76  lbs.  :  of  Turk’s  island  salt  from  83  to  81  lbs. : 
All  this  I  have  tried  myself,  T.  C.)  Dissolve  the  salt  in 
a  pan.  When  dissolved,  strain  it  and  pour  back  the 
liquor  into  the  pan  :  then  add  the  litharge,  keep  a  strong 
fire  under  the  pan  for  three  hours,  until  the  mixture  be 
perfectly  w'hite.  The  liquor  then  is  caustic  mineral  al¬ 
kali,  w'hich  must  be  poured  off  and  preserved.  Then 
w'ash  ofi’  the  alkali  that  remains  in  the  sediment  by  repeat¬ 
ed  w'aters,  adding  it  to  the  liquor  poured  off.  Take  the 
sediment,  wltich  is  a  muriat  of  lead  ;  dry  it  on  chalk 
stones  ;  when  diy,  put  it  in  crucibles  half  filled,  and  melt 
the  substance  in  an  air  furnace.  The  crucible  should  be 
covered,  for  any  carbonaceous  matter  w  ill  reduce  the  mu¬ 
riat  into  metallic  lead.  It  should  remain  in  the  furnace 
till  cold,  to  preserve  its  crystallized  form. 


t^hcct  Head  Boxes*  These  are  convenient  in  many 
respects  for  the  keeping  of  substances,  that  re(]uire  to  be 
preserved  from  air  and  moisture.  But  as  it  docs  not  seem 
Voi,.  III.  Kk 
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Shot.  Is  made  by  melting  lead  with  arsenic,  and 
pouring  it  out  of  Troughs  from  a  great  height  into  a  large 
vessel  of  water.  The  height  is  intended  to  give  rotundity 
to  the  shot :  the  arsenic  to  make  it  more  fusible,  so  that 
it  shall  preserve  its  rotundity  arising  from  its  liquid  state 
until  the  moment  when  it  is  required  to  be  condensed. 

Mr.  Paul  Beck’s  shot  manufactory  at  Philadelphia,  is, 

I  believe,  175  or  180  feet  high.  The  first  fall  for  small 
shot  is  about  130  feet,  the  second  fall  or  melting  place,  is 
about  170  feet  high. 

I  give  below  the  common  English  processes :  but  in 
my  opinion  the  practice  is,  to  melt  the  whole  quantity  of 
arsenic,  with  a  small  portion  of  the  lead  first :  and  then  to 
add  this  strongly  arseniated  lead  to  the  unalloyed  lead, 
when  the  latter  is  melted.  The  arsenic,  should  not  be 
orpiment.  It  should  be  white  arsenic.  It  should  be  mix-  I 
ed  with  three  or  four  times  its  bulk  of  charcoal,  lamp, 
black,  rosin,  or  some  carbonaceous  or  inflammable  sub-  I 
stance,  and  being  tightly  inclosed  in  several  folds  of  paper, 
should  be  thrust  down  with  a  stick  to  the  bottom  of  the 
lead.  The  pan  of  melted  lead,  should  be  then  covered, 
in  order  to  aid  the  impregnation  of  the  lead  with  the  arse¬ 
nic.  The  pan  should  be  of  thin  cast  or  thick  sheet  iron  ; 
for  the  heat  must  not  be  too  great.  It  is  right,  when  the  g 
surface  of  the  lead  is  irridescent. 

As  the  general  method  of  making  shot  is  kept  a  secret, 

I  give  all  the  processes  I  have. 

Patent  Milled  Shot^  is  thus  made ;  sheets  of  lead, 
whose  thickness  corresponds  with  the  size  of  the  shot  re: 
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to  me  a  business  of  much  importance,  I  shall  only  refer 
to  the  method  of  making  these  boxes,  in  No.  2.  of  vol.  1. 
p.  133,  for  July,  1802,  of  the  New  Series  of  the  Repertory 
of  Arts. 
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quired,  are  cut  into  small  pieces,  or  cubes,  of  the  form  of 
a  die.  A  great  quantity  of  these  little  cubes  arc  put  into 
a  large  hollow  iron  cylinder,  which  is  mounted  horizon- 
tally  and  turned  by  a  winch;  when  by  their  friction 
against  one  another,  and  against  the  sides  of  the  cylinder, 
they  are  rendered  perfectly  round  and  very  smooth.  Tlie 
other  patent- shot  is  cast  in  moulds,  in  the  same  way  as 
bullets  are. 

Common  Small  Skot^  or  that  used  for  fowling,  should 
be  W’ell  sized ;  for,  should  it  be  too  great,  then  it  flies  tliin 
and  scatters  too  much  ;  or  if  too  small,  then  it  has  not 
^vclght  and  strength  to  penetrate  far,  and  the  bird  is  apt  to 
fly  away  with  it.  In  order,  therefore,  to  have  it  suitable 
to  the  occasion,  it  not  being  always  to  be  had  in  every 
place  fit  for  the  purpose,  we  shall  set  down  the  true  method 
of  making  all  sorts  and  sizes  under  the  name  of  mould- 
shot,  formerly  made  after  the  following  process : 

Take  any  quantity  of  lead  you  think  fit,  and  melt  it  down 

I  in  an  iron  vessel :  and  as  it  melts  keep  it  stirring  with  an 
iron  ladle,  skimming  off  all  impurities  whatsoever  that 
may  arise  at  top ;  when  it  begins  to  look  of  a  greenish 
colour,  strew  on  it  as  much  auripigmentum  or  yellow  or- 
piment,  finely  powdered,  as  will  lie  on  a  shilling,  to  every 
twelve  or  fourteen  pounds  of  lead  ;  then  stirring  them  to- 
getlier,  the  orpiment  will  flame.  The  ladle  should  have 

ia  notch  on  one  side  of  the  brim,  for  more  easily  pouring 
out  the  lead  ;  the  ladle  must  remain  in  the  melted  lead, 
that  its  heat  may  be  the  same  with  that  of  the  lead,  to  pre¬ 
vent  inconveniences  which  otherwise  might  happen  by  its 

!  being  either  too  hot  or  too  cold  ;  then,  to  try"  your  lead, 
drop  a  httle  of  it  into  water,  and  if  the  drops  prove  round, 
then  the  lead  is  of  a  proper  heat ;  if  otherwise,  and  the 
shot  have  tails,  then  add  more  orpiment  to  increase  the 
heat,  till  it  is  found  sufficient. 


i 
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Then  take  a  plate  of  copper,  about  the  size  of  a  trench¬ 
er,  which  must  be  made  with  a  hollowness  in  the  middle, 
about  three  inches  compass,  within  which  must  be  bored 
about  40  holes  according  to  the  size  of  the  shot  which  you 
intend  to  cast :  the  hollow  bottom  should  be  thin  ;  but 
the  thicker  the  brim,  the  better  it  will  retain  the  heat. 
Place  tills  plate  on  a  frame  of  iron,  over  a  tube  or  vessel 
of  water,  about  four  inches  from  the  uatcr,  and  spread 
buniing  coals  on  the  plate,  to  keep  the  lead  melted  upon 
it ;  tlien  take  some  lead  and  pour  it  gently  on  the  coals  on 
tlie  plate,  and  it  will  make  its  way  througli  the  holes  into 
the  water,  and  form  itself  into  shot ;  do  thus  till  all  your 
lead  is  run  through  the  holes  of  the  plate,  taking  care,  b)' 
keeping  your  coals  alive,  tliat  the  lead  docs  not  cool,  and 
so  stop  up  the  holes. 

While  you  are  casting  in  this  manner,  another  jKTson 
with  another  ladle  may  catch  some  of  the  shot,  placing 
the  ladle  four  or  five  inches  underneath  the  plate  in  the 
'water,  by  which  means  you  will  see  if  they  arc  defective, 
and  rectify  them.  Your  chief  care  is  to  keep  the  lead  in 
a  just  degree  of  heat,  that  it  shall  be  not  so  cold  as  to  stop 
up  the  holes  in  your  plate,  nor  so  hot  as  to  cause  the  shot 
to  crack ;  to  remedy  tiie  heat,  you  must  refrain  working 
till  it  is  of  a  proper  coolness;  and  to  remedy  the  coolness 
of  your  lead  and  plate,  you  must  blow  your  fire ;  observ¬ 
ing,  that  tiie  cooler  your  lead  is,  tlie  larger  will  be  your 
shot ;  as,  the  hotter  it  is,  the  smaller  they  will  be. 

After  you  have  done  casting,  take  them  out  of  the  wa¬ 
ter,  and  dry  them  over  the  fire  with  a  gentle  heat,  stirring 
them  continually  that  they  do  not  melt ;  when  dry,  you 
are  to  separate  the  great  shot  from  the  small,  by  the  liclp 
of  a  sieve  made  for  that  jmrposc,  according  to  their  seve¬ 
ral  sizes.  But  thc'se  wlio  would  liave  very  large  shot, 
make  the  lead  trickle  with  a  stick  cut  of  tlic  ladle  into  llie 
water,  w’ilhout  tlic  plate.  If  it  stops  on  the  plate,  and  yet 


the  plate  is  not  too  cool,  give  but  the  plate  a  little  knock, 
and  it  will  run  again  ;  care  must  be  had  that  none  of  your 
implements  are  gi'easy,  oily,  or  the  like ;  and  when  the 
shot,  being  separated,  are  found  too  large  or  too  small  for 
your  purpose,  or  otherwise  imperfect,  they  will  serve  again 
at  the  next  operation. 

Shoty  tin-casCy  in  artillery,  is  formed  by  putting  a  great 
qiiantli}'  of  small  iron  shot  into  a  tin  cylindrical  box  calh 
cd  a  car.nistcr,  that  just  fits  the  bore  of  the  gun.  Leaden 
bullets  are  sometimes  used  in  the  same  manner ;  and  it 
must  be  observer !,  that  whatever  number  or  sizes  of  the 
sliots  are  used,  they  must  u  eigh  with  their  cases  nearly 
as  much  as  the  sliot  of  the  piece.  {^Greg,  Entyclo,  665* 


Lend,  how  formed  into  shot.  Lead  is  employed  in 
considerable  (|uantitics  in  the  casting  of  shot,  for  which  a 
patent  was  granted  in  1782,  to  Mr.  William  Watts,  in 
consequence  of  his  invention  for  granulating  lead,  solid 
throughout,  without  those  imperfections  which  other 
kinds  of  shot  usually  present  on  their  surface.  The  pa¬ 
tentee  directs  20  cwt.  of  soft  pig-lead  to  be  melted  in  an 
iron  pot,  round  the  edge  of  which,  a  jx^ck  of  coal- ashes 
is  to  be  strewed  upon  the  surface  of  the  metal,  so  as  to 
leave  the  middle  of  the  latter  exposed.  Fort}’  pounds  of 
arsenic  are  next  to  be  added  to  the  uncovered  lead,  and  the 
pot  closely  shut ;  the  edges  of  the  lid  being  carefully  luted 
witli  mortar,  clay,  or  other  cement,  in  order  to  prevent  tlie 
evaporation  of  the  arsenic.  A  brisk  fire  is  then  kindled, 
so  that  the  two  substances  may  be  properly  incorporated ; 
when  the  metal  ought  to  be  skimmed  and  laded  into 
moulds,  that  it  may  cool  in  the  form  of  ingots  or  bars, 
whicH  wlien  cold,  arc  called  slagy  or  poisoned  metal — 
20  cwt.  of  soft  pig-lead,  (according  to  the  quantity  of  shot 
intended  to  be  manufactured)  are  next  to  be  melted  in  the 
manner  above  directed ;  and,  when  it  is  completely  lique- 
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fied,  one  of  the  ingots  or  bars  of  slag  must  be  added :  as  | 

soon  as  the  whole  is  combined,  a  small  quantity  of  the  li-  | 

quid  metal  is  to  be  taken  out  with  a  ladle,  and  dropped  | 

from  a  height  of  about  two  feet  into  the  water.  If  the  I 

shot  be  not  perfectly  round,  it  will  be  necessary  to  add  [ 

more  slag,  till  it  drops  in  a  globular  form.  The  metal  is 

next  skimmed,  and  the  scum  poured  mto  an  iron  or  cop- 

per  frame  perforated  with  round  holes,  according  to  the 

size  of  the  shot  designed ;  the  scum  is  then  to  be  squeez- 

cd  while  soft,  through  the  frame,  into  which  the  liquid 

should  be  poured,  and  dropped  through  the  holes.  For 

the  smallest  shot,  the  frame  must  be  at  least  ten  feet  above 

the  water,  dnd  for  the  largest,  about  150  feet ;  the  height 

being  increased  or  diminished,  in  proportion  to  the  size 

of  the  shot.  r  1  Man, 

(  ^ 

i 

Shot  Manufactories  have  lately  been  established  or  re-  f 
vived,  and  appear  to  promise  to  supersede  the  importation 
of  English  shot.  They  are  manufactured  principally 
from  Lead  found  in  Louisiana,  and  shipped  from  New- 
Orleans. 

Patent  shot,  as  Dr.  Black  has  informed  us,  are  manu¬ 
factured  in  England  as  follows  ;  I 

A  little  orpiment  or  arsenic  is  added  to  the  lead,  which  A 
disposes  it  to  run  into  spherical  drops  much  more  rapid- 
ly  than  it  would  do  when  pure.  The  melted  lead  is  pour-  S 
ed  into  a  cylinder,  whose  circumference  is  pierced  with 
holes.  The  lead  streaming  through  the  holes  soon  divides 
into  drops,  which  fall  into  water,  where  they  congeal. 
They  are  far  from  being  all  spherical,  many  being  shaped 
like  pears,  and  must  be  picked.  This  is  done  by  a  very 
ingenious  contrivance.  The  whole  is  sifted  on  the%pper 
end  of  a  long,  smooth,  inclined  plane,  and  the  grains  roll 
dowm  to  the  lower  end.  But  the  pear-likc  shape  of  the 
bad  grains  makes'  tlicm  roll  down  irregularly,  and  they 
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waddle  as  it  were,  to  a  side ;  while  the  round  ones  run 
straight  down.  They  are  received  into  a  sort  of  funnel, 
which  extends  from  the  one  side  of  the  inclined  plane  to 
the  other,  and  is  divided  by  several  partitions,  so  that  it 
is  really  the  mouth  of  several  funnels,  which  lead  to  dif¬ 
ferent  boxes.  Those  in  the  middle  receive  the  round 
grains.  [2  Art.  Man. 

The  shot  when  made,  is  separated  into  sizes  by  means 
of  sieves,  whose  wires  are  set  according  to  the  different  sizes 
required.  The  shot  is  glazed  by  putting  them  into  a 
barrel  and  turning  it  round,  till  by  the  friction  and  attrition 
they  become  perfectly  round,  smootli  and  shining. 

I  believe  in  this  country,  the  proportion  of  arsenic  is 
nearly  as  follows.  About  7  lb.  of  arsenic  is  first  added 
to  about  five  hundred  weight  of  the  metal.  Then  of  this 
’  mixture,  so  much  is  taken  to  add  to  the  fresh  lead,  as  will 
make  the  proportion  of  arsenic  about  2  1-2  or  3  lbs.  to 
the  ton.  Of  this  about  one  half  a  pound  will  evaporate. 
Compare  this  with  the  English  patent  proportions  above 
given. 

In  the  Louisiana  countrv,  shot  manufactories  are  estab- 
lished,  where  the  shot  is  made  by  letting  the  lead  fall  from 
the  top  to  the  bottom  of  the  bank  of  the  Mississippi,  at 
low  water :  so  that  the  enormous  expence  of  such  a  build¬ 
ing  as  that  in  Philadelphia,  is  saved.  T.  C. 

To  ascertain  the  quantity  of  whiting  in  white  lead. 

Take  a  specimen  of  flake  white  which  is  generally  pure 
white  lead,  an  ounce  for  instance  :  mix  it  with  twice  its 
bulk  of  lamp-black,  or  with  oil,  or  with  rosin :  fuse  it, 
and  the  instant  it  is  fused,  take  it  off  the  fire,  let  it  cool 
and  weigh  it.  You  may  fuse  it  in  a  small  crucible  or 
even  in  a  tobacco-pipe,  stopping  the  hole  inside  with  a 
small  piece  of  the  tobacco-pipe.  Then  treat  in  like  man¬ 
ner  the  lead  you  wish  to  try  :  The  difference  in  v/eight 
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will  be  the  adulteration.  This  process  may  be  checked 
thus.  Take  the  scoria  of  the  last  mentioned  fusion ;  dis¬ 
solve  it  in  muriatic  acid  or  nitric  acid  :  filter  it :  precipi¬ 
tate  it  by  carbonat  of  potash  (a  solution  of  pearl  ash) : 
wash  and  dry  the  precipitate,  which  V'iil  be  a  carbonat  of 
lime,  or  tvhiting.  The  weight  gives  the  quantity  of 
whiting  wherewith  the  lead  was  mixed. 

Or,  dissolve  the  lead  you  suspect  in  nitric  acid  ;  preci¬ 
pitate  by  well  niade,  saturated,  prussiat  of  potash,  or  ])rus- 
siat  of  lime.  The  prussic  acid  will  throw  down  die  lead 
only. .  ^riiis  may  be  washed,  and  melted  widi  any  re¬ 
ducing  flux.  If  prussiat  of  potash  be  used,  precipitate 
the  remaining  solution  by  carbonat  of  potash,  which  will 
throw  down  the  carbonat  of  lime,  which  being  w  ashed, 
dried  and  weighed,  will  give  the  weight  of  the  adultera¬ 
tion. 

Or,  dissolve  the  lead  susjiected  in  nitric  acid :  preci¬ 
pitate  with  a  solution  of  sulphuret  of  lime.  This  will 
throw  down  only  the  lead. 

Or,  dissolve  in  nitric  acid ;  and  precipitate  with  chro- 
mat  of  pot- ash,  which  will  not  decompose  nitrat  of  lime. 

Chromat  of  Lead.  This  beautiful  colour  may  be  made 
thus. 

In  the  vicinity  of  Baltimore  and  Philadelphia,  the  Gra¬ 
nite  and  the  Gneiss  of  the  primitive  strata,  are  succeeded 
by  Steatite  and  Amphibole  ;  these  two  last  appear  to  be 
somewhat  intermingled  (but  not  in  the  same  stone) :  to 
these  as  a  stiatuni,  succeeds  the  granular  or  crystallized 
primitive  limestone,  which,  near  Philadelphia,  is  the  mar¬ 
ble  of  White  Marsh.  Between  the  limestone  and  the  stea¬ 
tite',  but  enveloped  in  steatite,  in  Chester  county  about 
twelve  miles  from  Philadelphia,  and  at  tlie  Bare  hills  about 
nine  miles  from  Baltimore,  is  found  a  chromated  iron. 
When  this  pounded  fine,  and  treated  for  an  hour  in  a 
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strong  red  heat  with  three  fourths  of  its  weight  of  clean 
pure  nitre,  the  nitric  acid  is  decomposed,  the  chrome  is 
acidified,  and  then  combines  with  the  alkaline  base  of  the 
nitre,  forming  a  chromat  of  potash.  To  obtain  this  pure, 
the  solution  must  be  repeatedly  crystallized  to  get  rid 
of  a  small  portion  of  iron,  which  will  gradually  fall  down 
in  an  oxyd ;  the  other  impurities,  such  as  the  earths  that 
might  have  been  taken  up  in  small  quantities,  will  also 
fall  down.  The  solution  after  two  or  three  crystalliza¬ 
tions  will  then  contain  nothing  but  chromat  of  potash,  to¬ 
gether  tVith  a  small  quantity  of  nitric,  or  uncombined 
alkali ;  this  can  be  ascertained  by  an  intermixture  of  white 
witli  the  yellow  precipitate  of  lead ;  and  can  be  obviated 
by  a  small  quantity  of  nitric  acid.  When  the  chromat  of 
potash  is  concentrated,  and  added  to  a  solution  of  nitrat 
or  even  acetat  of  lead,  (which  need  not  be  religiously  satu- 
rated  with  metal)  a  yellow  precipitate  will  fall  down, 
which  is  the  yellow  chromat  of  lead.  The  chromat  of 
potash  will  throw  down  nitrat  of  mercury  a  deep  orange 
colour. 

Naples  Yellow.  This  ought  to  be  a  natural  production 
found  near  Naples ;  a  kind  of  lava,  unchangeable  by  fire 
and  by  acids.  The  artificial  kind  is  thus  made.  Take 
12  ounces  of  pure  white  lead,  and  2  ounces  of  washed 
calx  of  antimony  ;  the  common  diaphoretic  antimony  of 
the  shops ;  half  an  ounce  of  calcined  Roman  alum,  which 
is  generally  free  from  any  admixture  of  iron,  and  one 
ounce  of  sal  ammoniac.  Pound  them  well  together,  and 
put  them  in  an  cartlien  crucible  with  a  cover.  Keep 
them  in  a  low  red  heat  for  tliree  hours.  If  you  want,  the 
mixture’ more  of  a  gold  colour,  add  a  quarter  of  an  ounce 
more  of  antimony,  and  as  much  sal  ammoniac.  Do  not  let 
any  iron  touch  this  colour. 

VoL.  III.  LI 
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For  patents  relating  to  white  lead  see  Repertory  of  Arts, 
Old  S^ies,  vol.  3.  p.  225,  vol.  5.  p.  249,  vol.  8.  p.  378, 
vol.  11.  p.  38.  New  Series,  vol.  6.  p.  169,  vol.  7.  p.  599. 
For  the  manufacture  of  sheet  lead,  see  Repertory  of  Arts, 
New  Series,  vol.  1.  p.  133.  For  refining  lead,  Ib.  New 
Series,  vol.  2.  p.  72,  vol.  4.  p.  194.  T.  C. 


MORTAR. 

On  the  Cement  used  in  buildings  called  Mortar.  ( By  the 

Editor.) 

Having  finished  the  article  Bricks,  I  proceed  to  that  of 
mortar. 

Limestone,  when  subjected  to  cliemical  experiment,  is 
found  to  contain  from  43  to  44  per  cent,  of  carbonic  acid 
gas,  formerly  called  fixed  air.  It  contains  also  a  small 
quantity  of  water.  When  pure  limestone  is  burnt  in  a 
lime-kiln  in  tlie  best  manner,  one  ton,  or  twenty  hundred 
weight  of  1121b.  to  the  hundred  weight,  will  yield,  about 
11  1  -4  hundred  weight  of  good  lime.  The  loss  is,  partly 
water ;  but  chiefly  carbonic  acid  gas.  (Watson.) 

A  bushel  of  chalk  will  weigh  86  l-2lb.  A  bushel  of* 
lime  made  from  that  chalk  weighed  when  Avarm  from  the 
kiln,  66  1-4  lb.  which  is  greatly  too  much :  for  a  ton  of  the 
same  chalk  when  burnt,  produced  but  11  cut.  1  qr. 
19  lb.  of  lime.  If  burnt  in  the  best  manner,  it  ought  not 
to  produce  more  than  11  cwt.  of  lime.  Ib. 

A  hard  limestone  from  Lancashire  weighed  1841b.  to 
the  bushel,  up-heaped.  At  Clitheroe  in  Lancashire  the 
limestone  up-heaped,  weighs,  147  lb.  to  the  bushel.  If 
the  produce  be  more  than  11  hundred  weight  or  there¬ 
about  from  the  ton,  either  the  limestone  is  impure,  or  the, 
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burning  is  deficient,  in  fuel  or  in  time.  The  burning 
ought  to  continue  in  a  strong  red,  approaching  to  a  white 
heat  for  at  least  ten  hours. 

Lime  exposed  to  the  air  for  about  twenty  days  will  be 
reconverted  into  limestone,  and  become  perfectly  useless 
as  a  cement.  Dr.  Watson  converted  into  lime  540  grains 
of  statuary  marble  :  tlie  lime  weiglied  304  grains  :  firom 
the  10th  of  February  to  the  4th  of  March,  it  had  gained 
so  much  in  weight,  that  it  weighed  515  grains.  Dr.  Hig¬ 
gins  exposed  2  lb.  of  well  burnt,  non-effervescent  chalk 
lime,  to  the  air  for  22  days ;  at  which  time  it  weighed 
3  lb.  2  ounces  and  1  drachm  and  a  half.  The  greatest 
proportion  of  this  accession  of  weight,  is  gained  in  the 
first  4  or  5  days. 

This  encrease  of  weight  is  owing  to  1st.  carbonic  acid 
gas  imbibed  from  the  atmosphere:  2d.  in  smaller  pro¬ 
portion,  to  water  imbibed  from  the  atmosphere.  These 
substances  thus  imbibed,  reconvert  the  lime  into  lime¬ 
stone.  So  that  mortar  made  from  such  lime,  might  as 
well  be  made  from  powdered  limestone.  It  is  no  cement : 
it  produces  no  cohesion. 

The  deeper  and  more  circular,  is  the  heap  of  lime,  the 
better  is  the  inner  part  protected  from  the  bad  effects  of 
the  atmosphere.  The  external  surface  is  spoiled  first. 
If  the  lime  be  slacked,  and  made  into  a  paste  with  lime- 
water,  (water  wherein  some  lime  has  been  previously 
slacked)  and  protected  by  boards,  on  all  sides  and  on  the 
top,  it  may  be  kept  for  a  long  time  tolerably  well.  Or  if 
slacked  into  powder  immediately  on  being  brought  from 
the  kiln,  and  made  up  into  a  compact  heap. 

If  lime  from  the  kiln  effervesces,  or  gives  out  air  (car¬ 
bonic  acid  gas)  on  being  dissolved  in  muriatic  or  nitric 
acid,  it  is  ill-burnt  in  proportion  exactly  to  the  quantity  of 
this  air  which  it 


Lime  ought  to  be  brought  from  the  kiln,  in  a  cart  co 


vcrcd  with  boards. 

It  ought  not  to  be  brought  in  rainy  weather.  I  have 
twice  or  thrice  seen  carts  set  on  fire  by  this  means.  It 
ought  to  be  kept  in  a  dry  place,  with  the  precautions  be- 
fore  mentioned.  The  neat  rule  is,  expose  it  to  die  air  as 
litde  as  possible. 

When  the  limestone  is  so  good,  and  the  burning  is  so 
complete,  that  twenty  parts  of  limestone  is  fairly  burnt 
intoeleven  parts  of  lime,  which  it  can  be  and  ought  to  be — 
then  will  such  lime,  used  as  recently  as  possible,  require 
seven  parts  of  sand  to  one  of  lime,  to  make  the  best  mortar. 

It  will  require  less  sand  in  proportion  as  it  is  badly 
burnt,  or  by  negligent  exposure  reconverted  into  limestone. 

Nothing  is  required,  to  make  die  best  mortar  for  build¬ 
ing,  but  good  lime  and  good  sand. 

No  sand  is  good  tliat  contains  any  clay.  It  should  be 
washed  out. 

No.  sand  is  good,  that  is  rounded  by  attrition. 

The  best  sand  is  quartzose,  having  flat  sides  and  an- 
glcs. 

The  best  mixture  of  such  sand,  is  half  somewhat  coarse, 
half  fine  :  not  too  fine,  for  ground  or  powdered  quartz, 
or  flint  may  do  for  stucco,  but  not  for  mortar :  the  flat 
sides  and  angles  are  destroyed  by  the  pulverization.  *  ' 

The  theory  of  mortar  appears  to  me  to  be  this.  Water 
is  added,  to  enable  the  lime  to  crystallize,  and  to  attract 
carbonic  acid  from  the  atmosphere.  This  is  done  gradu¬ 
ally.  li*  left  quietly  and  undisturbed,  to  regain  this  gas 
from  the  atmosphere,  the  mortar  crystallizes  into  lime¬ 
stone,  and  unites  by  the  attraction  of  crj  stallizalion  to 
the  sides  of  tlte  quartzose  sand,  best  calculated  to  afford 
the  strongest  union  or  adhesion.  The  attraction  is  three¬ 
fold,  1st.  that  of  crystallization  :  2d.  that  of  chemical  or 
elective  attraction  in  the  moist  way ;  and  3d.  the  com-  > 
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I  mon  attraction  of  aggregation  or  cohesion.  I  conceive 
[  each  of  these  to  be  distinct. 

Hence  it  is  essential  to  good  mortar,  1st.  that  the  lime 
»  be  burnt  so  as  to  reduce  twenty  parts  by  weight  to  eleven 

1  parts.  "2d.  That  it  be  used  as  quickly  as  possible.  3d. 

;  That  if  it  cannot  be  used  quickly,  it  should  be  packed  up 

J  when  slacked  in  tlie  smallest  possible  compass,  and  cover- 

;  cd  from  the  contact  of  successive  changes  of  air.  4th. 

;  Tliat  to  fresh  lime,  seven  parts  of  sand  are  not  too  much  : 

\  lime  half  burnt  w^ill  not  cement  more,  than  three  parts. 

Hence  the  threefold  extravagance  of  not  using  lime  in  a 
projjer  state :  the  lime  is  wasted ;  the  weight  of  carriage 
^  is  increased  by  hauling  limestone  instead  of  lime :  and 
more  lime  is  required  to  the  same  quantity  of  sand. 

Though  not  essential  to  good  building,  it  is  very  nearly 
so,  that  the  brick  (always  supposed  to  be  well  burnt) 
should  be  dipt  in  lime  water  the  instant  before  it  is  laid. 
The  dust  on  a  dry  brick  effectually  prevents  the  adhesion 
of  the  mortar  ;  and  the  brick  also  absorbs  so  much  of  the 
moisture  of  the  mortar,  that  enough  is  not  left  to  enable  it 
perfectly  to  ciy  stallize.  Immersing  the  brick  in  lime 
water,  makes  it  also  less  liable  to  imbibe  moisture.  It 
forms  an  impregnation  of  limestone. 

When  the  lime  is  good,  no  addition  of  skimmed  milk, 
i  animal  gelly,  oil,  or  resinous  substances,  or  any  other, 
H  contributes  to  the  goodness  of  the  mortar  :  good  lime, 
I  good  sand,  are  tlie  only  requisites. 

I  The  putting  beams  and  rafters,  or  any  otlier  method  of 
shaking  the  wall,  and  greatly  disturbing  tlie  crystalliza¬ 
tion  of  the  mortar  while  damp,  injures  its  power  as  a  ce- 
.-j  ment. 

In  countries  wliere  limestone  and  fuel  are  plenty,  and 
labour  cheap,  tlie  ancient  method  of  building  walls  by 
*  groiitingy  may  be  eligible.  It  is  this : 
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The  foundation  being  dug  out  the  required  width  in 
proportion  to  the  thickness  of  the  wall,  a  strong  frame  of 
boards  w^as  placed  on  each  side.  The  space  between  the 
boards  filled  up  with  any  kind  of  stone  most  convenient 
and  at  hand,  thrown  in  promiscuously.  The  interstices 
of  large  stones,  were  roughly  filled  in  with  smaller  ones. 
Mortar  made  from  fresh  burnt  lime  and  fine  sand,  being 
made  into  a  paste  sufficiently  thin  to  be  poured,  was  pour¬ 
ed  in  upon  the  loose  stones,  aixl  thus  filled  up  every  crack 
and  crevice.  In. a  few  hours,  the  boards  were  moved 
forward  to  form  a  caisson  for  another  part  of  the  wall, 
and  the  joints  of  the  stones  where  the  grouting  had  ex¬ 
uded,  were  trimmed  off.  Many  of  the  strongest  and 
most  durable  of  the  very  old  buildings  in  England,  were 
manifestly  so  constructed. 

Where  work '  is  intended  to  be  solid  and  substantial, 
grouting  at  every  course  is  indispensable.  It  is  indis¬ 
pensable  also  in  all  arch  work  :  in  England  it  is  never 
omitted  in  arches.  It  never  ought  to  be  omitted  in  such 
Gases,  or  in  cut  groin- work. 

Brickwork  in  cellar  walls,  or  cellar  arches,  never  dries 
if  the  mortar  be  not  good,  and  u^d  fresh,  before  it  has 
become  effete. 

All  these  remarks  are  still  more  essential  in  the  build- 
ing  of  public  works,  as  fortifications,  than  in  private  dwel-' 
lings.  By  attending  to  these  directions,  a  wall  of  equal 
thickness  will  have  more  than  double  the  strength  it  usu¬ 
ally  has,  built  in  a  common  way  :  and  the  mortar  or  ce¬ 
ment,  moreover,  will  harden  incomparably  sooner.  Wa¬ 
ter  used  to  make  a  paste  of  pounded  limestone  (common 
mortar)  and  sand,  can  only  be  gotten  rid  of,  from  the 
middle  of  a  thick  wall  by  the  slow  evaporation  of  many 
years  :  but  if  the  lime  be  really  lime,  and  well  and  recent¬ 
ly  burnt,  all  the  water  even  of  grouting,  is  rapidly  con¬ 
sumed  as  w^atcr  of  crystallization. 
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For  Stucco y  bone  ashes  well  burnt  and  sifted,  in  the 
proportion  of  from  one  half  to  one  fourtli  of  the  lime,  is. 
an  addition  useful  to  prevent  the  cement  from  cracking, 
without  impairing  its  other  good  qualities  ;  and  this  whe¬ 
ther  for  inside  or  outside  work.  For  the  latter  the  pro¬ 
portion  ought  not  to  be  of  bone  ashes  more  than  one 
fourth. 

The  method  of  making  bone  ashes  is  as  follows  :  I  take 
it  from  page  172  of  Higgins  on  Cements. 

I  will  premise  a  sketch  of  the  most  profitable  pro¬ 
cesses  by  which  they  are  prepared,  at  a  moderate  price 
not  much  exceeding  tliat  of  good  stone  lime. 

The  bones  collected  in  great  cities,  are  broken  to  small 
fragments  in  a  mill,  and  boiled  in  water,  in  order  to 
extricate  and  save  the  oil  of  them.  They  are  then  put 
into  a  large  iron  still,  through  an  aperture  which  is  stop¬ 
ped  up  closely  after  the  charge  is  made.  The  still, 
which  opens  into  an  apparatus  of  refrigeratory  vessels, 
is  heated  gradually  to  redness,  until  all  the  volatile  alkali, 
commonly  called  spirit  and  salt  of  hartshorn,  is  expelled 
from  them,  together  with  empyreumatic  oil,  water,  and 
certain  elastic  invisible  fluids  :  the  alkali,  being  the  only 
valuable  article  amongst  these,  is  retained  and  condensed 
in  the  refrigeratory  tubes  and  vessels  with  all  possible  care, 
whilst  the  elastic  fluids,  lest  they  should  burst  the  vessels, 
are  suffered  to  escape  in  places  distant  from  the  fire  or  the 
flame  of  candles,  because  they  arc  combustible,  and  if 
they  catch  fire  whilst  air  remains  in  the  condensing  ves¬ 
sels,  explode  like  gunpowder. 

The  bones  thus  heated  witliout  being  exposed  to  the 
air,  are  charred  to  blackness,  but  still  remain  combusti¬ 
ble.  .  When  they  are  required  in  this  state,  the  iron  still 
is  kept  closed  until  they  cool,  and  then  the  blackest  of 
them  are  ground  to  fine  powder,  which  is  used  as  a  sub- 
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stitute  for  ivory  black,  which  is  prepared  in  the  same  way 
from  ivory.  The  coarser  powder  of  these,  is  what  I  un¬ 
derstand  by  powder  of  charred  bones.  But  when  this  is 
not  the  manufacturer’s  design,  the  door  of  the  iron  still 
is  opened  whilst  it  is  hot,  and  the  charred  bones  which 
flame  and  burn  when  they  meet  the  air,  are  thrown  into 
a  kind  of  kiln,  at  the  bottom  of  which  the  air  can  freely 
enter,  and  maintain  the  combustion,  until  the  bones  are 
burned  to  whiteness,  for  the  greater  pnrt.  The  white 
fragments  are  picked,  and  rather  bruised,  than  ground, 
to  a  gritty  powder,  by  a  millstone  which  rolls  on  them 
vertically  over  an  inclined  circular  plane.  This  powder 
passed  through  a  sieve  is  called  bone-ashes,  which  are 
much  used  in  metallurgy,  and  fitter  for  our  purposes  in 
incrustations,  tlian  tlie  powder  of  burned  bones  ground 
as  pigments  arc.  The  fragments  which  have  not  been 
dioroughly  burned  in  the  kiln,  form  a  dark  grey  powder ; 
and  mixtures  of  the  white  and  grey  burned  bones  afford 
bone-ashes  of  the  lighter  grey  colours. 

The  whole  quantity  of  bone-ashes,  which  is  to  be  used 
in  the  same  incrustation,  ought  to  be  well  mixed  ;  for  it 
is  impossible  to  sort  the  well  burned  or  the  grey  bones  so 
accurately  as  to  secure  an  unity  of  colour  in  the  parcels  of 
powder  which  are  successively  prepared,  and  a  very  small 
variation  of  colour  will  be  seen  in  the  incrustation.” 


Water  Cement^  is  made  on  the  continent  by  mixing 
with  good  mortar,  the  ochry  earth  Puzzuolana,  or  a  simi¬ 
lar  earth  called  Traas  or  Terras  in  England,  where  it  is 
imported  from  Holland.  It  is  mixed  accurately  with 
the  mortar  in  proportion  of  about  one  third  or  one  fourth 
of  the  lime.  It  is  obvious  that  if  precautions  are  neces¬ 
sary  in  any  case  to  secure  good  and  perfect  lime,  they 
w  ill  be  necessary  in  the  case  of  water  cement. 
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I  believe  that  the  same  proportion  of  almost  any  oxyd 
of  iron,  or  of  manganese,  or  even  of  the  common  smithy, 
slack  of  a  blacksmitli^s  shop,  well  sifted,  will  answer  tlie 
same  purpose.  So  will  Basalt,  burnt  and  ground. 

Loriot’s  patent  for  water  cement,  consists  alone  in 
the  mixing  of  ground  fresh  burnt  lime  with  common 
mortar,  which  is  manifestly  imperfect  and  unscientific ; 
inasmuch  as  old  effete  mortar,  can  never  be  equal  to  fine 
quartzose  sand. 

.  Higgins’s  patent  stucco,  is  fresh,  well-burnt  lime  one 
part ;  sand  half  fine,  and  half  rather  coarser,  well  washed 
from  dirt  and  clay,  six  or  seven  parts  ;  I  think  six  parts 
best.  Bone-ashes  ground  tolerably  fine,  equal  to  one 
fourth  of  the  lime.  The  water  used  must  be  lime  water. 
For  inside  work  the  bone-ash  may  be  in  proportion  of  a 
third  of  the  lime. 

Johnson’s  patent  stucco,  was  characterized  merely  by 
an  admixture  of  blood  with  the  water  used  to  make  up 
the  cement. 

I  regard  Higgins’s  as  the  best.  I  have  seen  them,  all 
both  fresh  used,  and  many  years  afterward.  T.  C. 


PERKIN^S  IMPROVEMENT  ON  WATER  MILLS. 

WITH  A  PLATE., 

THE  subscriber  has  recently  obtained  a  patent  for  an  im¬ 
provement  in  water-milis,  which,  from  actual  experience,  has  been 
found  to  be  of  great  importance ;  it  consists  in  the  complete  re¬ 
moval  of  all  the  inconveniences  heretofore  experienced  from  back 
water. 

♦ 

It  is  a  well  know  n  fact,  that  in  most  situations  it  has  been  found 
necessary  to  place  water-wheels  from  one  to  three  feet  higher 
than  they  would  be,  were  it  not  requisite  to  avoid  the  back  water, 
occasioned  by  the  freshets  and  liigh  tides.  In  nearly  all  cases 
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there  is  a  serious  less  of  power,  but  more  especially  so  where  it 
consists 'of  a  few  feet  only.  The  patentee  has  satisfactorily  prov¬ 
ed,  that  with  a  head  and  fall  of  twelve  feet,  six  feet  of  back  water 
may  be  driven  away,  and  with  it,  all  the  water  which  has  been  ex¬ 
pended  in  moving  the  wheel :  there  is  therefore,  no  exaggeration 
|ndeclarmg,that  taking  into  the  account  the  time  that  many  mills 
are  stopped  by  back  water,  and  the  permanent  loss  of  power  from 
tlie  height  at  which  .the  wheels  arc  hung  in  order  to  avoid  this 
difficulty ;  from  oiie  fifth  to  one  third  of  the  power  is  absolutely 
lost,  an  evil  which  is  completely  obviated  by  this  invention. 

All  the  time  when  the  wheel  is  retarded  by  back  water,  a  large 
quantity  is  constantly  running  to  waste ;  this  invention  accom¬ 
plishes  its  removal  by  the  application  of  a  portion  of  this  super¬ 
abundant  water,  which  would  otherwise  run  over  the  dam. 

The  above  section  will  shew  tlie  operation  of  this  principle  m 
removing  back  water.  The  construction  of  the  flooin,  and  race¬ 
way,  difi'cis  from  the  common  form,  by  having  a  tight  tube.  A, 
running  fix>m  the  bottom  of  the  floom,  as  at  D,  to  or  past  the  cen¬ 
tre  of  the  bottom  of  the  wheel,  and  of  about  four  times  the  size  of 
one  which  would  be  necessary  to  turn  the  Wheel.  The  size  of  the 
tube  may  vary  accoi*ding  to  the  back  water  common  to  the  mill. 
The  lower  end  of  the  main  tube.  A,  being  in  a  direct  line  to  that 
•f  the  horizontal  tube,  B,  will  direct  tlie  water,  w’hich  rushes  down 
the  former  through  the  latter,  and  at  the  same  time  overcome  the 
pressure  of  the  water  and  atmosphere  at  C,  so  that  the  atmos¬ 
phere  may  act  upon  the  back  water  which  had  collected  round  the 
bottom  of  the  wheel,  and  force  it  through  the  tube,  B,  which 
being  one  tidrd  larger  than  tube  A,  will  admit  enough  of  the  back 
water  at  the  opening,  F,  to  fill  the  tube  B,  and  thereby  in  a  few 
minutes,  to  entirely  remove  it  from  the  bottom  of  the  wheel;  aiid 
the  water  which  has  been  expended  in  mbving  the  wheel,  will  join 
the  current  at  F,  and  pass  oft'  through  the  lube  B.  The  bulk-licad, 
O,  must  rise  above  the  extreme  height  of  the  back  water,  for  as 
there  is  no  other  passage  for  the  water  to  escape  from  the  wheel, 
than  through  the  tube  B,  there  should  be  no  Gthcr  through  which, 
in  times  of  backwater,  it  can  pass  to  the  wheel.  When  the  ficsl.ct 
over,  and  the  water  has  found  its  lowest  level,  the  borizoiuar* 
gate,  D,  should  be  shut,  and  the  water  which  carries  the  wheel 
will  run  off  through  the  tube  B. 

This  method  of  removing  back  water,  will  not  apply  to  tide 
mills,  except  where  there  is  a  great  surplus  of  water  ;  in  that  case, 
by  adopting  this  plan,  the  mill  may  be  made  to  go  sooner  and  later 
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than  it  otherwise  would.  Where  the  tide  rises  at  the  tail  of  a 
common  mill,  this  principle  may  be  applied  to  great  advantage, 
as  the  wheel  in  many  situations,  may  be  set  two  or  three  feet  low¬ 
er  than  it  commonly  is,  and  by  driving  off  the  back  water  occa¬ 
sioned  by  the  title,  the  extra  power  which  is  gained  by  increasing 
the  fall,  will  be  much  more  than  the  loss  of  the  water  expended 
in  drawing  off  the  back  water  at  high  ^idc. 

Communications  upon  the  subject  of  this  improvement  will  he 
giatcfully  received,  and  immediately  noticed  by  the  subscriber, 
tiic  patentee,  of  Newburyport,  Massachusetts,  or  by  Dr.  Thomas 
I*.  Jones,  Pliiladtdphia. 

JACOB  PERKINS. 


STEAM  ENGINE  BOILER, 

% 

WITH  A  PLATE. 

Sir — As  steam  engines  are  becoming  much  in  use  through¬ 
out  the  United  States,  every  thing  that  ^nhII  tend  to  their  improve¬ 
ment  in  working,  or  in  saving  of  fuel,  ought  to  be  made  public. 
With  this  view  I  have  taken  the  liberty  of  making  a  rough  sketch 
of  one  of  the  boilers  which  has  been  in  use  upwards  of  ten  years 
at  the  water  works  in  Philadelpliia,  for  your  inspection.  After 
giving  every  attention  in  ascertaining  the  effect  of  three  different 
sorts  of  boilers  in  that  work,  for  several  years,  I  am  fully  persuaded, 
that  it  far  exceeds  any  boiler  now  in  use  at  the  water  works,  or  any 
other  which  has  come  under  my  notice,  both  in  saving  fuel  and 
the  ease  with  which  the  steam  can.be  kept  up.  This  boiler  js, 
and  always  has  been^  defective,  by  its  having  a  wooden  case, 
which  cannot  be  kept  sufficiently  tight ;  and,  with  this  great  defect, 
it  does  not  burn  so  much  fuel  as  the  others  with  cast  iron  cases, 
tvhich  have  the  fire  under  their  bottoms,  with  flues  passing  through 
and  around  them.  The  present  drawing  contemplates  a  cast  iron 
case,  which  would  be  durable,  and,  no  doubt,  last  fifty  or  sixty 
years,  as  it  is  not  exposed  to  the.  heat  of  the  fire.  However,  an 
objection  may  be  made  to  its  exfiense,  I  am  well  persuaded  that  if 
those  who  have  engines  built,  knew  the  value  of  a  boiler  of  this 
sort,  50  per  cent,  advance  in  the  first  cost  would  be  no  object  to 
them,  as  they  would  save  far  more  than  tlie  difference  l#ng  before 
the  boiler  would  be  worn  out.  - 
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With  a  view  that  the  plan  of  this  boiler  should  be  submitted  to 
the  citizens  of  the  United  States  who  wish  to  embark  in  steam 
engine  machineiy,  I  hand  it  to  you  to  decide  whether  it  b  worth  a 
place  in  your  work  now  publishing  or  not. 

With  great  respect, 

FREDERICK  GRAFF, 
Sufierintendant  of  the  P hiladclfihia  nvater  works. 

Thomas  Cooper,  Esq. 

The  plan  is  drawn  to  a  quarter  of  an  inch  to  the  foot. 

The  perpendicular  heater  A,  may  be  raised  in  size  and  situa* 
tion  to  suit  the  idea  of  the  builder. 

The  dotted  lines  in  plan  B,  represents  the  flues  C,  above  the 
fire  bed,  and  which  pass  out  of  the  boiler  into  the  stack,  at  the 
mouth  of  which  the  damper  is  fixed. 

D,  the  fire  grates. 

E,  the  door  way,  which  can  be  so  arranged,  if  required,  to  con¬ 
sume  the  smoke  by  lowering  the  fire  bars  or  grates. 

F,  the  water  line  six  inches  above  the  flue. 

G,  a  section  through  the  fire  place,  showing  the  front  range  of 
perpendicular  heaters  and  the  horizontal  flues  above,  with  coal 
grate  and  ash  pit. 


STATISTICS.  By  the  editor. 

Eight  grain  gallons  of  268,8  cubic  inches  to  the  g^allon  .make 
one  Winchester  bushel  of  grain  ;  struck,  that  is  even  with  the  sur¬ 
face,  The  bushel  ought  to  contain  2 1 50,42  cubic  inches  :  it  ought 
to  be  18,5  inches  diameter  throughout  and  eight  inches  deep.  In 
England  it  is  well  settled  as  an  indictable  offence  to  buy  or  sell  by 
any  other  bushel :  I  strongly  incline  to  think,  that  it  is  indictable 
to  buy  or  sell  by  any  other  bushel,  here  also :  for  I  know  of  no 
other  legal  bushel. 

Retailers  in  this  country,  generally  sell  every  commodity  what¬ 
ever  by  the  wine  gallon  of  231  cubic  inches,  wuthout  regard  to  the 
measure  by  which  they  purchase.  Malt  liquor  is  sold  in  England 
by  the  ale  gallon  of  282  cubic  inches,  being  to  the  wine  gallon,  as 
one  pound  avoirdupois  is  to  one  pound  troy.  It  is  high  time  tve 
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had  a  common  standard  of  weight  and  measure  in  this  country. 
The  want  of  it  is  a  sad  reflection  on  our  want  of  knowledge. 

The  peck  loaf  of  England  must  weigh  17  lb.  6  oz. :  for  which 
about  14  lb.  of  flour  is  usually  employed ;  the  half  peck  weighs  8  lb. 
1 1  02. :  the  quartern  loaf,  4  lb.  5  oz.  8  drs.  Hence  in  the  usual 
way  of  sale,  56  ounces  of  flour  make  69  and  a  half  ounces  of  bread  2 
or  10  lb.  of  flour  makes  12  1-2  lb.  of  bread. 

The  following  facts  were  ascertained  by  direct  experiment  in¬ 
stituted  for  the  purpose. 

A  Winchester  bushel  of  good  wheat  weighing  fifty -nine  pounds, 
produced,  .  lb. 


Of  the  finest  flour 

28 

Seconds  -  -  • 

•  5  1 

Fine  middlings 

-  7 

Coarse  ditto 

Bran  -  - 

15 

The  bushel 

59 

Also,  615  lb.  of  clean  wheat  was  taken  and  ground:  it  produced 
514  lb  of  flour,  and  84  lb.  of  bran.  The  flour  when  baked  pro¬ 
duced  672  lb.  of  household  bread,  or  at  the  rate  of  thirty  per  cent, 
beyond  the  weight  of  the  flour.  The  salt,  the  yeast,  and  the  wood 
employed  to  bake  it,  cost  5  shillings  sterling :  the  workmanship 
2s.  6d.  I  presume  the  bread  was  weighed  while  warm.  This  is 
at  the  mte  of  13  lb.  bread  to  10  lb  flour. 

According  to  Lord  ShefField,  the  general  calculation  is,  that  a 
Winchester  bushel  of  wheat  weighing  60  lb.  will  produce  54  lb.  of 
meal,  5  l-4lb.  of  bran  and  three-fourths  of  a  pound  of  water:  and 
will  make  68  lb.  of  bread  :  this  is  in  the  proportion  of  13  1-3  lb.  of 
bread  for  10  lb.  of  flour.  Sec  vols.  26,  29,  35  of  the  Annals  of  Ag¬ 
riculture. 

It  appeared  from  the  examination  of  the  baker’s  about  that  pe¬ 
riod  of  scarcity  in  England,  that  American  flour  weight  for  weight 
produced  rather  more  bread  than  the  best  English  flour.  Hence 
I  conclude  that  10  of  American  flour  ought  to  make  13  of  bread, 
if  well  managed. 

The  facts  shew  the  great  value  in  point  of  economy.  1st.  In 
eating  household  bread,  and  2d.  In  baking  at  home.  The  great 
art  of  baking,  is  in  the  laborious  kneading  of  the  dough.  A  small 
quantity  of  pearl-ash  dissolved  in  the  water,  makes  the  bread 
somewhat  lighter  and  assuredly  w  holcsomcr.  All  the  bread  used 
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in  my  family,  is  baked  in  a  common  ten-platc  stove.  1  do  not 
usually  meet  with  better  bread.  I  suspect  the  wheat  of  slaty  up¬ 
land,  is  heaviest  and  sweetest. 

How  much  IjQnd  will  aufifrly  a  man  with  neceHmry  Food, 

I  suppose  a  labouring  man,  sufTiciently  fed.  Such  a  man  will 
consume  food  of  whatever  kind  it  be,  that  will  be  equal  in  amount 
to  one  pound  and  a  half  of  bread,  one  pound  of  meat,  and  half  a  pint 
of  whiskey,  per  day.  To  which  ought  to  be  added,  an  allowance 
for  fuel,  pepper,  salt,  and  a  moderate  proportion  of  vegetables. 
Hisdi'ess  will  form  another  item  :  his  habitation  another. 

One  pbund  and  a  halfof  Gread  per  day,  will  amount  to  547  1  -2  lb. 
of  bread  per  year.  At  13  lb.  of  broad  to  10  lb.  of  flour,  this  will 
require  420  lb.  of  flour.  If  according  to  the  experiment  above 
related  6 1 5  pound  of  wheat  will  produce  5 1 4  lb.  of  flour,  then  420  lb. 
of  flour,  will  require  500  lb.  of  wheat.  This  at  60  pound  to  the 
bushel,  will  amount  to  eight  bushels  and  one -third  per  annum# 
Allowing  a  little  for  indispcnsible  lo.ss  and  w  aste,  this  will  be  eight 
bushels  and  a  half.  In  England  the  calculation  is  eight  bushels 
'  annually,  as  the  consumption  of  man,  woman  and  child  :  and  is  near 
the  truth.  In  this  country  we  live  more  fully  and  less  carefully. 

I  do  not  consider  the  average  produce  of  an  acre  of  wheat  in 
tlie  county  of  Cumberland,  in  Pennsylvania,  which  is  a  rich  county 
of  land,  as  more  than  18  bushels  per  acre.  The  average  produce 
of  all  England,  is  not  less  than  22  bushels  of  wheat  per  acre,  when 
wheat  is  put  in  as  a  crop. 


Since  I  have  been  at  Carlisle,  when  flour  has  been  at  six  dol¬ 
lars  the  barrel  of  196  lb.  net  weight,  v/heat  has  been  at  SI  2a  cents 

per  bushel :  butcher’s  meat  six  cents  per  pound 

:  and  wldskcy  by 

the  quarter  cask,  at  sixty  cents  per  gallon. 

% 

cents. 

The  grain  required  for  one  man  per  annum  > 
then  will  be  8  1-2  bushels  at  S  1  25  cents  J 

10 

62  1-2 

Meat,  365  lb.  at  6  cents  -  -  - 

21 

90 

Whiskey  23  gallons,  or  allowing  2  gallons  > 
extra  for  harvest  time  25  gallons  •  J 

15 

00 

47 

52  1-2- 

Ttiel,  vegetables,  pepper,  salt,  may  fairly  be  > 
coi^idercd  as  at  least  5 

7 

47  1-2. 

S  55 

00 

It  appears,  that  an  acre  of  ground  cultivated  in  wheat  at  18 
bushels  per  acre  will  yield  22  1  -2  dollars  in  the  market.  But  all 
the  other  articles  arc  equally  the  produce  of  the  soU.  Hence  if 
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one  acre  be  required  for  22  1-2  dollai's  worth  of  food,  55  dollars  • 

worth  will  require  vei-y  nearly  two  acres  and  a  half.  i 

But  where  in  good  cultivation,  a  wheat  crop  cannot  occur  more  • 

than  once  in  four  years,  interposing  rye,  oats,  and  clover,  land  that 
will  produce  eighteen  bushels  under  usual  culture,  will  not  yield 
upon  the  average  of  a  four  year’s  crop  more  than  the  value  of 
fourteen  bushels.  This  will  bring  the  quantity  of  land  required  in 
Cumberland  county  necessary  to  supply  a  labouring  man  there,  • 

with  foml  and  drink  for  a  year,  to  three  acres  :  the  fractions  in  this  | 

calculation  compensating  for  those  in  the  preceding. 

A  man  must  have  not  only  food  to  support  him,  but  cloaths  to 
cover  him,  and  a  dwelling  to  defend  him  from  the  inclemerxy  of 
the  sea  sons. 

The  dress  of  a  labouring  man  cannot  be  estimated  annually  at 
less  than  23  dollars  in  this  part  of  the  country :  he  must  have  a 
hat,  a  couple  of  cravats,  a  couple  of  shirts,  a  couple  of  pair  of 
stockings,  two  pair  of  shoes,  a  coat,  jacket,  and  pantaloons  and 
two  pocket  handkerchiefs  per  annum. 

He  must  have  a  habitation  which  w'ill  cost  him  not  less  than 
five  dollars  a  year. 

Hence  if  55  dollars  require  three  acres,  SO  dollars  will  require 
upwards  of  one  acre  and  a  half.  To  maintain  a  labouring  man 
then,  free  in  Cumberland  county,  will  require  not  less  than  four 
acres  and  a  half  of  cleared  ground  producing  an  average  crop 
worth  at  leat  fourteen  dollars  in  the  market. — It  is  true  that  every 
man,  woman  and  child,  will  not  consume  as  much  food  as  a  labour¬ 
ing  man,  but  the  expcnccs  of  the  more  expensive  ranks  of  society, 
will  more  than  compensate  for  this.  If  a  labouring  man  spends 
necessarily  at  the  lowest  rate  85  dollars  a  year,  the  average  of  the 
community,  can  hardly  be  estimated  at  less  than  1 10  or  1 12  dollars, 

(about  25/.  sterling)  which  will  demand  eight  acres  per  head  pro¬ 
ducing  as  above  to  support  each  man,  woman  and  child  in  the 
county. 

In  other  parts  of  the  United  States,  the  cheapness  of  land-pro¬ 
duce,  and  of  course  the  cheapness  of  living,  compensate  each 
other :  so  that  although  the  calculation  in  dollars  will  be  affected, 
the  calculation  in  land  will  not :  hence  eight  acres  of  cleared  land 
at  least,  arc  necessary  to  the  maintenance  of  every  human  being  in 

ithe  United  States  upon  the  average.  The  present  proportion 
therefore  of  about  eight  millions  will  require  about  sixty-four  mil¬ 
lions  of  cleared  acres.  If  the  weight  of  grain,  flesh,  and  home- 
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made  spirits  exported  were  known,  the  actual  amount  of  cleared 
land  in  the  United  States  might  be  approximated  :  •  though  part  of 
this  export  has  been  considered  under  the  article  cloathing. 

I  am  not  at  this  moment  aware  of  any  material  fallacy  in  the 
above  calculations :  when  1  am  further  instructed,  I  shall  be  glad 
to  correct  my  suppositions. 

Would  it  be  too  much  to  calculate  the  average, value  in  the 
market,  of  each  acre  of  cultivated  land  in  the  United  States,  at  ten 
dollars  ?  I  think  not.  It  follows  then,  that  the  yearly  produce  of 
our  agriculture  is  worth  six  hundred  and  forty  millions  of  dollars ! 

How^the  bloated  panygerics  on  foreign  trade,  dwindle  into  com¬ 
parative  insignificance,  when  set  in  competition  with  this !  Can  wc 
avoid  recollecting  the  old  fable  of  the  Frog  and  the  Ox,  so  enable- 
matic  of  the  subject  ? 

If  the  potatoe  and  the  turnip  culture,  with  that  of  carrots  and 
beets  for  cattle  on  sandy  grounds,  were  introduced  into  the  regu¬ 
lar  rotation  of  crops  in  this  country  as  in  England,  I  have  no  hesita¬ 
tion  in  expressing  my  belief,  that  the  produce  of  at  least  ten  mil¬ 
lions  of  acres  might  be  saved.  The  introduction  of  these  crops, 
would  also  of  necessity  lead  to  a  strict  system  of  manure  manage¬ 
ment,  and  the  introduction  of  sheep  to  be  folded  for  manure,  and 
of  tap  rooted  plants  so  proper  in  a  warm  climate,  where  moisture 
is  not  found  near  the  surface. 

Of  the  quantity  of  Land  necestary  to  maintain  a  Working  Horse. 

Such  a  horse  well  but  not  extravagantly  kept,  will  consume  12 
pound  of  hay  and  8  quarts  of  oats  per  day.  If  his  labour  be  con¬ 
stant,  not  less  than  two  ton  of  hay,  and  a  hundred  bushel  of  oat? 
per  annum  will  suffice.  His  manure  will  amply  pay  for  straw  for 
bedding.  Manure  when  once  laid  upon  hand,  is  well  worth  a  dol¬ 
lar  a  load  of  three  horses,  in  that  situation. 

Under  the  average  cultivation  of  America,  this  produce  cannot 
be  raised  on  less  than  from  7  to  8  acres  of  land.  Shoeing  and 
stabling  will  cost  half  an  acre  more.  So  that  the  cxpcnce  of  a 
working  horse,  is  somewhat  more  than  that  of  a  human  creature. 
It  is  not  only  so  on  a  large  scale,  but  every  traveller  knows  it  is 
so,  on  a  small  scale  also. 

When  I  travel  in  the  back  parts  of  Pennsylvania  for  instance, 

I  ailow  my  horse,  as  follows.  Hay  at  night  25  cents:  16  quarts 
of  oats  a  day,  50  cents  ;  present  to  the  hostler  in, the  mominr 
for  cleaning  my  horse  12  1-2  cents :  similar  present  at  one  stopping 
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place  during  the  day  six  and  a  fourth  cents :  shoeing  and  casual¬ 
ties  six  and  a  fourth  cents.  Total  expcnce  of  a  horse  per  day, 
travelling  from  35  to  45  miles,  one  dollar. 

Allowance  to  myself.  Breakfast  25  cents  ;  cold  meal,  or  check 
at  stopping  12  1-2  cents  :  supper  25  cents :  liquor  during  the  day 
25  cents,  being  half  a  pint  of  spirituous  drink  :  bed  12  1-2  cents: 
total  100  cents.  Such  at  least  were  the  prices  from  1800  to  1812 
in  this  state. 

Again :  at  the  present  day  1814,  the  expence  of  a  horse  at 
livery  at  Carlisle  is  120 dollars:  to  which  shoeing  is  to  be  added. 
The  cxpences  of  travelling  have  encreased  about  one  third  within 
these  two  years :  partly  owing  to  a  state  of  hostility,  and  paitly  to 
the  almost  sudden  introduction  of  the  paper  of  so  many  banks. 
So  that  still  a  horse  and  a  man  travel  as  to  necessaries  at  about  tlie 
same  mte  per  diem. 

Calculations  of  this  kind,  may  be  considered  as  useful  exerci¬ 
ses  in  political  arithmetic.  I  have  often  wished  to  see  a  set  of 
questions  published  as  exercises,  in  general  and  local  statistics : 
and  the  same  with  a  view  to  render  chemical  calculations  also  fa¬ 
miliar  to  a  student.  T.  C. 

When  I  had  composed  the  above,  I  met  with  the  following  re¬ 
marks  of  a  similar  nature  from  the  Quarterly  Review,  No.  19, 
which  gives  a  somewhat  different  aspect  of  the  same  subject. 

“  Leaving  the  further  discussion  of  this  topic  to  wiser  heads  than 
our  own,  we  will  now  conclude  our  article  with  a‘fcw  remarks  on 
tlic  general  subject  of  subsistence  and  population. 

“  It  has  been  generally  supposed  that  about  one  quarter*  of 
wheat,  convertible  into  about  480lbs.  of  bread,  is  sufficient  for  the 
annual  sustenance  of  an  individual,  on  an  average  of  all  ages.  If 
this  were  true,  it  would  evidently  be  easy  to  ascertain,  in  any  coun¬ 
try  of  which  the  extent  and  population  were  accumtely  known, 
the  average  annual  consumption  and  reproduction  of  food,  to  esti¬ 
mate  the  degree  of  comfort  enjoyed  by  the  inhabitants  of  such 
country’.  See.  But  the  number  and  variety  of  articles  really  em¬ 
ployed  for  the  purpose  of  food  are  so  great,  as  to  throw  consider¬ 
able  doubts  on  the  truth  of  this  approximation,  and  it  is  perhaps 
impossible  to  furnish  any  which  shall  be  free  from  considerable 
error;  and  it  may  be  of  some  advantage  to  know  the  attempts 
which  have  been  made  elsewhere  to  solve  this  intricate  problem, 
and  we  shall  therefore  here  state  the  supposed  proportion  of  ani- 

*  Fight  bushel’. 

VoL.  III.  Nn 
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mal  and  vegetable  food  consumed  in  the  French  metropolis 
about  the  time  of  the  revolution,  as  tolerably  applicable  to  Great 
Britain. 

The  data  for  such  a  calculation  were  very  numerous  in  France, 
where  every  province  has  been  accurately  surveyed,  the  popula* 
tion  of  eveiy  district  regularly  registered,  and  the  consumption 
of  the  towns  minutely  ascertained,  by  means  of  the  entrance  duly 
collected  at  the  gates.  The  calculators,  amongst  whom  were 
Lavoisier  and  La  Grange,  were  men  of  undoubted  science,  and 
the  result  of  their  labours  is,  that  the  annual  food  of  each  inhabi¬ 
tant,  as^  deduced  from  the  population  at  Paris,  amounts  to  642 
French  pounds,  (693  English)  of  which  the  vegetable  food,  includ¬ 
ing  com,  potatoes,  fruit,  and  garden  esculents  of  all  sorts,  forms 
435lbs.  (469  English,)  and  the  animal  food,  comprehending  meat, 
fish,  butter,  eggs,  cheese,  &c.  207lbs.  (224  English.)  Now,  if  it 
be  considered  that  the  extent  of  pasture  land  in  Great  Britain  is, 
at  least,  ten  times  as  great  as  that  of  wheat  land ;  that  this  pasture 
is,  from  the  moisture  of  our  climate,  remarkably  fertile,  and  tliat 
our  insular  situation  must  supply  us  with  a  much  larger  portion 
of  fish  than  our  French  neighbours  can  easily  attain,  it  may  rea¬ 
sonably  be  presumed  that  the  estimate  which  allots  a  quarter  of 
wheat  to  the  subsistence  of  each  person,  probably  exaggerates,  by 
about  one  third,  the  real  consumption  of  grain  in  this  country,  and 
reduces,  in  the  same  degree,  the  amount  of  our  whole  annual  sus¬ 
tenance. 

“  This  proportion  will,  of  course,  vary  in  different  districts,  in 
different  classes,  and  in  different  seasons  ;  but,  in  general,  there 
is  reason  to  hope  and  believe  that  the  ratio  of  the  more  nutritious 
to  the  less  valuable  species  of  food,  is  still  increasing  in  the  gene¬ 
ral  consumption ;  that  wheat  continues  to  supplant  the  inferior 
sorts  of  grain,  and  lliat  the  comforts  of  the  poor  are  more  widely 
diffused.  Of  wheat,  indeed,  it  is  impossible  to  state  with  accu¬ 
racy  the  annual  produce,  but  the  inference  may  be  indirectly  prov¬ 
ed  by  the  augmented  consumption  of  the  food  afforded  to  us  by 
our  colonial  agriculture.  On  an  average  of  ten  years,  ending  in 
1801,  the  mean  annual  consumption  of  sugar  was  between  177 
and  178  millions  of  pounds,  which,  divided  by  the  amount  of  the 
population,  (10,942,646)  gives  16lbs.  as  the  consumption  of  each 
individual  in  Great  Britain.  By  a  similar  calculation  on  the  next 
ten  years,  we  find  the  consumption  augmented  to  between  19  and 
20lbs.  for  each  person,  the  annual  average  being  240,800,000lbs. 
and  the  population  12,352,144.  Tliis  is  exclusive  of  the  distilJe- 
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ties,  and  of  the  export  to  Ireland  ;  and  as  it  appears  from  expe¬ 
riment,  that  a  hundred  weight  of  sugar  is  equal,  in  point  of  nutri¬ 
ment,  to  a  quarter  of  barley,  or  of  a  quarter  of  wheat,  it  seems 
to  follow  that  the  coarser  kinds  of  grain,  formerly  in  general  use 
for  the  manufacture  of  bread,  are  daily  giving  way  to  more  palata¬ 
ble  articles  of  nutriment. 

“  With  regard  to  animal  food,  the  abundance  of  which  has  been 
at  all  times  the  peculiar  boast  of  the  British  islands,*  we  know,  by 
the  direct  evidence  of  the  markets  in  the  metropolis,  that  the 
quantity  consumed  is  regularly  increasing.  This,  indeed,  as  we 

*  1'hc  above  is  an  extract  from  the  Quarterly  Review  for  October  1813, 
page  173.  I  do  not  comprehend  how  the  authors  or  editors  of  that  work  can 
reconcile  this  passage  with  the  following  taken  from  page  266  of  the  same 
Review,  for  the  July  preceding  (July  1813.) 

“  Food  of  every  description  has  risen  to  an  extravagant  and  unprecedent¬ 
ed  price.  Butcher^s  meat,  once  in  ordinary  use,  is  now  nearly  beyond  the 
reach  of  the  great  mass  of  tlie  people  :  tlie  labouring  poor  can  scarcely  hope 
to  taste  it:  and  as  to  Jish,  whether  in  the  metropolis  or  in  the  great  inland 
towns,  that  may  be  considered  as  a  prohibited  article  even  to  the  middling 
ranks  of  life.** 

Nor  can  I  see  how  the  extract  in  the  text  is  to  be  forced  into  coalition 
with  the  following  passage  from  the  Edingburgh  Review  for  the  very  same 
month. 

Ed.  Rev.  October  1813.  Guarinos  on  Poor  Laws.  The  Reviewers  say, 
page  197,  ”  The  precious  metals  have  been  depreciated  throughout  Europe, 
in  consequence  of  the  productiveness  of  the  American  mines  during  the  last 
forty  ycais  :  and  in  our  own  country  (Great  Britain),  ihe  rise  of  prices  which 
this  necessarily  produced,  has  been  aggravated  by  a  depreciation  of  our  cur¬ 
rency,  occasioned  by  the  issue  of  paper  not  convertible  into  specie.  What 
have  been  the  consequences  ?  The  price  of  labour  has  not  risen  in  proportion 
to  the  price  of  commodities.  But  the  labourer  has  the  difterence  made  up 
to  him  in  the  shape  ot  poor!s  rate.  An  unmarried  man  can  still  support  him¬ 
self  by  his  nominal  wages.  But  a  married  man  who  has  two  children  to 
maintain,  receives  as  a  matter  of  course,  assistance  from  liis  parish.  A  calcu¬ 
lation  is  made  of  the  price  of  wages  and  of  the  price  of  bread.  So  much 
bread  is  allowed  him  according  to  the  number  of  hU  family.  What  his 
wages  will  not  furnish,  the  parish  provides.  Tliis  beneficent  system,  as  it  has 
been  called,  turns  out  to  be  an  engine  in  the  hands  of  masters,  to  keep  wages 
as  low  os  will  suffice  for  the  maintenance  of  the  labourcr  and  his  wife,  with  a 
provision  in  the  shape  of  charity,  for  the  support  of  his  children.**  The  rest 
of  the  passage  is  well  worth  citing,  but  it  is  too  long. 

If  these  passages  be  correct,  what  becomes  of  the  great  and  increasing 
abundance  and  consumption  of  animal  food,  the  peculiar  boast  of  the  British 
islands  ?  One  fourth  of  the  population  of  that  country  cannot  afford  animal 
food  above  once  a  week,  perhaps  not  once  a  month. 
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have  seen,  has  been  considered  by  many  writers  as  a  proof  that 
our  tillage  has  not  improved  in  a  degree  at  all  propo  'tionate  to 
our  pasture  lands ;  but  in  truth  it  is  the  peculiar  advaiitage  of  the 
modern  husbandry,  that  the  quantity  of  winter  and  summer  pro- 
vender  for  cattle,  yielded  by  the  plough,  greatly  exceeds  the  an¬ 
nual  produce  of  grass  and  hay  from  the  same  quantity  of  land.  If, 
however,  this  were  not  notoriously  true,  there  can  be  no  doubt  that 
our  fisheries  might,  for  centuries  to  come,  effectually  supply  the 
deficiencies  of  our  agriculture.  There  arc,  indeed,  no  bounds  to 
the  possible  accumulation  of  animal  food ;  and  its  efficiency  as  a 
resource,  in  the  failure  of  other  nutriment,  is  only  limited  by  its 
very  perishable  nature  ;  an  inconvenience,  however,  vci’y  easily  re¬ 
medied,  so  that  we  may  perhaps  be  justified  in  expressing  our  be¬ 
lief,  that  if  the  proposed  imposition  of  a  duty  on  foreign  grain 
were  accompanied  by  a  repeal  of  the  tax  on  salt,  the  growing  po¬ 
pulation  of  these  islands  might  be  supported,  for  centuries  to  come, 
in  the  enjoyment  of  increasing  abundance.** 


TO  THE  EDITOR  OF  THE  EMPORIUM. 


Pittsburgh^  Jaiiuary  8,  1814. 

Dear  Sir, 

I  ENCLOSE  a  letter  to  the  secretary  of  the  United  States^ 
in  which  there  may  be  found  some  hints  of  value,  respecting  the 
best  method  of  making  turnpike  roads.  If  you  arc  of  that  opinion, 
it  is  at  your  service ;  and,  although  written  expressly  for  the  se¬ 
cretary,  who  is  absent,  and  whose  leave  I  cannot  therefore  obtain, 
I  believe  that  there  can  be  no  impropriety  in  giving  it  publicity. 
1  have  added  an  appendix  explaining,  and  enlarging  upon,  some 
points  which  it  was  not  nece8sai7  to  enter  into  more  paiticularly 
in  my  report. 

I  am,  very  respectfully,  yours, 

B.H.  LATROBE. 
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Washington^  October  31,  1813. 

The  Honorable  Albert  Gallatin, 

Secretary  of  the  Treasury  of  the  U.  9. 

Sir, 

AGREEABLY  to  my  promise,  I  submit  to  you  such  remarks 
as  occur  to  me  on  the  perusal  of  the  contracts  of  Messrs.  Cochran, 
M‘Kinley,  and  Randal,  for  making  the  United  States’  road  from 
Cumberland  towards  Brownsville. 

These  contracts  require  the  following  description  of  a  road. 

1.  The  road  is  to  be  levelled  from  side  to  side  to  the  width  of 
thirty  feet. 

2.  In  the  centre  of  these  thirty  feet,  a  pavement  (as  it  is  now 
the  mode  to  call  it)  of  twenty  feet  is  to  be  laid  in  two  strata :  the 
first  to  consist  of  stones,  which  will  pass  through  a  ring  7  inches 
in  diameter ;  the  second  of  stones  that  will  pass  through  a  3  inch 
ring.  The  pavement  is  to  be  20  feet  wide. 

3.  This  pavement  is  to  be  laid  6  or  9  inches  higher  in  the  cen« 

tre  than  on  the  edges,  and  the  earth  is  to  be  raised  up  to  the  edges 

* 

to  prevent  the  stones  from  sepc-rating,  or,  in  the  technical  phrase, 
it  is  to  be  shouldered. 

4.  There  is  to  be  a  ditch  on  the  upper  side  of  the  road  and  con- 
tiguoua  to  the  pavement^  that  is,  upon  the  shoulder,  or,  at  most, 
but  a  short  distance  from  it. 

1  make  no  remark  on  the  stipulated  slopes,  as  some  alteration 
has  been  admitted  respecting  them. 

I  will  now,  in  the  order  in  which  I  have  set  them  dow#,  give 
you  my  opinion  on  each  of  these  points  of  construction. 

1.  As  the  general  course  of  the  road,  excepting  where  it  cross¬ 
es  a  valley,  is  carried  along  the  side  of  the  mountains,  the  general 
section  will  appear  as  in  the  plate. 

To  the  width  of  the  road  there  can  be  no  objection  (A),*  nor 

2.  To  the  width  of  the  pavement.  But  to  the  construction  in 
every  other  point,  I  shall  take  the  liberty  of  offering  such  objec¬ 
tions  as  both  theory  and  experience  have  suggested,  and  as  in  a 
great  many  instances  have  been  found  solid  in  my  own  profession¬ 
al  practice. 

The  rdea  of  covering  a  road  with  stones  of  different  sizes  has, 
I  believe,  arisen  originally  in  the  expectation,  that  the  soft  clay  or 
earth,  which  in  most  instances  constitutes  the  natural  soil,  would 
be  less  easily  penetrated  by  large,  (especially  by  flat  stones)  laid 


*  See  Appendix. 
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immediately  upon  it,  than  by  smaller  stones,  such  as  necessarily 
form  the  surface  of  paved  roads,  for  the  sake  of  procuring  a  tole¬ 
rably  regular  plane  upon  which  to  travel.  This  idea  has  after- 
wards  been  strengthened  by  the  economy  of  the  practice ;  the 
quantity  of  labour  in  breaking  the  stone  being  thereby  diminished. 
But  the  expectations  both  of  utility  and  economy  are  perfectly  fal¬ 
lacious.  In  the  first  place,  nothing  is  so  certain,  as  that  the  large 
stones,  let  them  be  ever  so  carefully  laid  out  at  the  bottom,  will, 
in  time,  come  up  to  the  top,  and  that  the  small  stones  will  all  go 
to  the  bottom ;  and  this  effect  will  take  place,  sooner  or  later,  ex¬ 
actly  in  the  propoition  in  which  the  road  is  much,  or  little,  used ; 
and  also  in  the  proportion  in  which  the  size  of  the  large  stones 
exceeds  that  of  the  small  ones.  At  first  sight  this  may  appear 
extraordinary,  but  the  effect  is  natural  and  unavoidable.  It  occurs 
thus :  A  heavy  load  presses  upon  the  new  road,  and  of  course 
moves  all  the  stones  down  to  the  lowest  (B),  the  small  stones  at 
the  top  descend  into  the  interstices,  which  are  thus  opened.  Every 
new  pressure  and  motion  continues  this  process.  If  the  lower  stra¬ 
tum  consists  of  stones  which  arc  large  and  flat,  they  will  get  to  the 
top  sooner  than  round  stones.  A  very  familiar  example  will  eluci¬ 
date  this  process.  Every  housekeeper,  in  breaking  a  loaf  of  sugar, 
shakes  the  broken  pieces  in  a  box.  Those  that  are  too  large,  soon 
come  to  tlie  top  and  are  broken  smaller.  In  shaking  chesnuts  in 
a  basket,  the  largest  will  soon  be  at  the  top,  and  exactly  on  the 
same  principle.  If  it  were  not  invidious,  I  would  point  out  seve¬ 
ral  turnpike  roads,  or  parts  of  turnpike  roads,  in  Maryland  and 
Penn^vania,  which  prove  the  truth  of  this  fact.  As  to  economy, 
(C)  the  calculation  is  in  the  next  place  quite  as  bad  a  one.  Such 
a  road  soon  wants  repair,  and  no  repair,  excepting  that  of  breaking 
up  the  large  stones  as  fast  as  they  appear,  is  an  adequate  one. 
I’hese  large  stones  necessarily  range  themselves  on  each  side  of 
the  ruts,  until  they  work  themselves  loose,  and  then  they  lie  in  the 
horse  path.  Such  a  turnpike  is  soon  fit  only  for  slow  heavy  wag¬ 
gons,  and  for  those  it  is  a  very  bad  one.  % 

Now  in  the  United  States*  road,  the  lower  stratum  of  stones 
will  consist,  at  an  average,  of  pieces  weighing  each  more  than  1 2 
times  as  much  as  each  of  the  pieces  that  constitute  the  upper  sti  a- 
tumr  or  in  other  words,  that  have  more  than  12  times  the  volume, 
or  bulk.  Of  course,  many  years  will  not  elapse,  before  this  road 
will  be  exceedingly  out  of  repair  and  covered  with  loose  stones  of 
an  average  diameter  of  seven  inches.  In  a  level  country  this 
w  ould  be  a  less  evil  than  among  the  mountains.  Every  obstruction 
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of  seven  inches  is  a  very  serious  additional  difficulty  in  an  ascent 
of  four  and  a  half  degrees,  to  a  loaded  waggon  the  greatest  radius 
of  whose  wheels  is  probably  only  2  feet  9  inches. 

3.  In  all  roads  whatever,  it  is  an  error  to  raise  the  centre  above 
the  shoulders  of  the  road.  If  there  ai  e  instances  in  which  it  is 
useful,  I  have  not  yet  seen  them.  In  a  road  merely  thrown  up  out 
of  the  common  soil,  where  the  ground  is  very  level  lengthwise  of 
the  road,  it  is  perhaps  as  well  to  raise  the  centre,  because  it  will 
soon  be  beaten  flat  in  dry  weather  by  being  chiefly  used,  and  in 
wet  weather,  when  the  ruts  or  tracks  are  deep  it  is  of  no  conse¬ 
quence,  because  the  water  cannot  run  off  rapidly :  but  in  ail  other 
cases,  the  convexity  of  the  road  is  assuredly  injurious. 

In  respect  to  their  level,  Ungthivise^  there  can  be  only  two  kinds 
of  roads.  The  first,  such  as  are  perfectly  level,  of  which  the  in¬ 
stances  are  in  the  United  States  chiefly  confined  to  sandy  situa¬ 
tions  ;  the  second,  such  as  arc  inclined  more  or  less  to  the  hori¬ 
zon,  and  which  in  turnpike  roads  are  permitted  by  law  seldom  to 
exceed  in  acclivity,  an  angle  of  four  and  a  half  degrees. 

In  the  first  kind  of  roads,  that  is  in  level  roads  if  in  any,  it  might 
be  supposed  that  a  convex  surface  would  be  useful,  because  the 
water  falling  upon  the  road,  might  be  thereby  carried  into  the 
ditches  on  each  side  of  it.  And  this  would  happen  without  injury, 
if  the  surface  were  perfectly  hard,  and  no  ruts  or  tracks  were 
cut  into  it  by  carriage  wheels.  But  as  the  construction  of  the 
road,  and  the  law  regulating  the  passing  of  meeting  carriages  oc¬ 
casions  the  sides  of  a  convex  road  to  be  used,  more  than  the  cen¬ 
tre,  the  outer  wheels  will  always  bear  the  principal  part  of  the 
load  and  of  course  cut  the  deepest  track.  If  the  road  be  perfect¬ 
ly  horizontal,  lengthwise,  the  water  which  falls  on  the  road  will  run 
across  the  road  into  the  outer  ruts  on  each  side,  which  are  the 
lowest  and  the  dcej>est,  and  stand  in  them  UHtil  it  finds  vent  on  to 
tlie  shoulder  in  a  place  accidentally  lo\ver.  The  whole  water  of 
the  road  on  each  side  for  some  distance,  being  discharged  through 
a  few  of  these  openings,  the  road  will  be  gullied  across  its  edges— 
as  daily  observations  may  shew.  But  if  the  road  were  perfectly 
flat,  there  would  not  be  cut  so  easily  a  leading  rut  on  the  edge, 
and  the  water  would  run  off*  as  fast  as  it  rose  above  the  surface  in 
innumerable  places,  and  much  less  rapidly.  It  would  therefore 
gully  much  less,  and  nothing  is  so  certain,  as  that,  of  roads  entirely 
unimproved,  the  flattest  parts  arc  certainly  not  tlic  worst,  because 
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they  have  the  fewest  gullies  across  them,  unless  the  ground  is  na-  L 
turally  boggy.  E 

It  would  be  out  of  place  here  to  give  instances  for  the  con-  J 
struction  of  roads  in  countries  which  are  not  sandy  and  yet  per-  S 
fectly  level.  I  will  only  remark,  that  to  raise  the  whole  artificial  ^ 
part  of  the  road  a  foot  above  the  common  level,  to  lay  it  flat  across,  P 
and  to  effect  a  very  small  alternate  rise  and  fall  at  short  distances  t| 
longitudinally  would  be  a  mode  perfectly  efficient— very  amfile  :  | 
cxfierience  has  firoved.  (D)  f 

In  roads  however  that  have  a  natural  inclination  to  the  hori- 
zon,  it  is  difficult  to  conceive,  how  the  idea  of  convexity  ever  ob-  ■ 
tained  admittance  into  pi'actice.  The  makers  of  roads  appear  to  [ 
have  been  more  anxious  to  get  rid  of  rainwater  than  on  any  other  ' 
account.  It  is  not  pleasant  to  drive  or  ride  through  ponds  or  pud* 
dies  in  the  public  highway:  but  there  need  not  be  any  fear,  that  ,, 

they  will  abound  or  exist,  if  the  surface  of  the  road  be  well  and  } 

equally  laid,  even  if  the  road  were  quite  flat,  provided  it  were 
raised  above  the  level  of  the  land  on  each  side.  But  in  a  road 
which  has  a  longitudinal  declivity  the  only  danger  is,  that  the 
water  will  run  off  too  fast,  and  carry  with  it  all  the  small  particles 
of  hard  stone,  which  filling  up  the  interstices  of  the  larger  pieces, 
fix  them  firmly  in  their  places,  and  which  convexing  them  in  some  k 
degree  diminish  the  friction  of  the  wheels  and  preserve  the  road. 
There  cannot  possibly  be  any  occasion  to  turn  off  these  particles 
from  the  road  altogether  by  a  lateral  (producing  with  the  longitu¬ 
dinal  declivity  an  oblique)  current  of  water,  and  of  course  an  ob-  I 

lique  gully,  even  if  the  road  could  possibly  be  quite  smooth  and  | 

free  from  tracks  and  ruts.  But  as  no  road,  and  least  of  all,  a  con-  I 

vex  road  can  be  free  from  ruts,  wliilc  narrow  wheeled  waggons  I 

are  used,  the  convexity  of  the  road  becomes  useless  at  least.  For  h 

the  water  will  run  from  the  centre  into.thc  first  rut  tliat  it  finds  and  | 

continue  to  follow  it  until  it  finds  some  vent  sideways,  accidental  ■ 
or  artificial.  Since  then  the  convexity  of  the  road  cannot  perform 
the  service  expected  from  it,  on  account  of  the  longitudinal  tracks, 
the  actual  evils  it  creates  ought  surely  to  be  avoided.  The  prin¬ 
cipal  of  these  is  the  unequal  bearing  of  the  load  of  carriages  upon  i 

their  wheels,  thereby  wearing  the  lower  side  of  the  road,  and  P 

forcing— by  the  cutting  of  leading  ruts ;— all  the  waggons  to 
follow  the  same  track,  in  which  track  there  will  be  always  chuck  || 

holes*  in  the  lower  side,  whenever  a’  large  stone  happens  to  be 

* 

•  In  the  middle  states,  chuck  holes,  are  sudden  and  deep  depression*  :n  the  } 
rut,  and  are  always  found  opposite  to  the  root  of  a  tree,  an  old  stump,  or  f 
stone. 
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firmly  fixed  on  the  upper.  It  would  be  certainly  a  more  rational 
construction  to  build  up  the  shoulders  of  the  road  firmly  with 
large  stones  rather  higher  than  the  road  itself,  and  then  to  fill  in 
perfectly  level  across  with  equal  small  stones.  A  road  so  con- 
I  structed  would  retain  its  materials  much  better  and  longer  than 
i  I  the  other,  especially  if  care  were  taken,  to  prevent  as  much  as 
’  I  possible  a  very  rapid  discharge  of  the  rain  water  from  it. 

I  Contiguous  to  the  pavement  there  is  to  be  a  ditch.  This 

ditch  must  be  certainly  intended  to  catch  the  water  coming  down 
I  from  the  sides  of  the  mountain,  on  tlic  slope  of  which  the  road  is 

!  made.  To  get  into  tlic  ditch  then,  the  water  must  pass  over  4  or 

;  j  5  feet  of  unpaved  soil,  the  pavement  being  directed  to  be  made  in 

^  tlie  centre  of  the  30  feet,  which  are  to  be  levelled.  I  have  under- 

^  I  stood,  that  the  road  continues  in  many  parts  upon  one  uninterrupt¬ 

ed  ascent  of  a  mile  and  upwards.  If  this  inclination  should  be  of 
four  and  a  half  degrees  and  rcgHUir^  it  may  easily  be  imagined, 

I  i  what  will  be  the  effect  of  a  current  of  v.  ater  running  over  the  soft 
soil  for  a  mile,  and  not  only  increasing  as  it  descends  in  velocity, 
but  also  in  volume.  The  bottom  of  the  ditch  would  soon  assume 
the  parabolic  line  which  the  slope  of  all  mountains  acquire  from  the 
wash  of  rain  water;  and  the  pavement  would  gradually  be  under¬ 
mined  and  tumble  into  it.  But  I  presume  that  there  will  be  as 
usual,  stops  thrown  up  to  guide  the  current  across  the  road  at  pro¬ 
per  distances,  which,  although  not  provided  for  in  the  contracts,  is 
i»o  far  a  practical  remedy  for  the  evil.  But  it  must,  e-ven  if  this 
be  done,  be  apprehended,  that  in  time  a  gully  will  be  formed  on 
ihe  upper  side  of  the  road ;  and  this  gully  will  take  place  on  the 
soil  between  the  ditch  and  the  hill,  making  the  whole  of  the  up¬ 
per  unpaved  level  one  irregular  ditch. 

Having  thus  objected  to  the  wliole  construction  of  the  road, 
vou  have  a  right  to  expect,  that  I  should  point  out,  what,  in  my 
opinion,  it  ought  to  be.  This  1  will  not  liesitatc  to  do,  with  the 
most  perfect  candour  and  Ireedom. 

J  1.  The  road  beiiig  cleared  r>0  feet  in  width,  the  upper  boiind- 

I  ary  of  the  road  should  be  so  laid,  as  that  the  earth  to  be  cut  from 

I  the  slope  of  the  hill  will  be  siillicient  to  raise  the  lower  or  forced 

1  side  higher  than  the  other ;  the  surface  inclining  tow  ards  the  hill 

'  about  I  foot  six  inches.  The  made  ground  will  settle  so  as  to 

j  become  perhaps  nearly  level,  but  it  slioulJ  always  be  rather  high- 

'I  er  than  the  opposite  side  to  prevent  the  water  from  running  across 

1  the  road.  The  cut  on  the  liill  side  should  be,  in  general,  per- 
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pendicular,  if  the  nJture  of  the  soil  is  tolerably  tenacious.  A  per- 
pedicular  bank  will  stand  much  better,  than  any  slope  over  which 
the  rain  water  produces  a  current. 

*  ft.  A  drain  ought  then  to  be  cut  above  the  road  upon  the  hill- 

Mde,  about  1 2  feet  from  the  edge  of  the  bank,  •  and  about  a  foot 

deep,  and  the  earth  thrown  towards  the  road,  in  order  to  catch  the 

wash  of  the  hill,  and  to  prevent  its  ever  reaching  the  road.  Great 
♦  * 

judgment  is  required  in  cutting  these  drains.  Whenever  an  op¬ 
portunity  offers,  the  drain  should  be  turned  down  the  hill  from  the 
h>ad,was  'to  throw  off  the  water  among  the  trees  and  a  new  drain 
he  commenced.  (See  plate.)  ....  ^ 

•  In  many  cases,  this  is  impracticable ;  but  wherever  there  are 
ravines  in  the  slope  of  the  hill|  it  maybe  done  to  advantage.  All  the 
wash  of  the  slope  will,  however,  at  last  require  to  be  dischai  gcd 
across  the  road  into  the  valley.  Which  should  always  be  done  by 
a  small  drain  or  tunnel,  instead  of  an  oblique  draft,  or  sink  across 
'  the  road — ^tha’n  which  nothing  can  be  a  greater  nuisance,  or  a  more 
contemptible  means  of  economy,  if  indeed  any  thing  is  saved  by 
the  contrivance.  The  use  of  resting  ascending  teams  is  pleaded, 
\^valeat  quantum  valere fioteat. 

This  upper  drain  on  the  slope  of  the  hill  is  of  the  utmost  im- 
^ftance,  and  cannot,  without  injury,  be  omitted.  It  is  an  object 
of  very'  small  expense,  and  being  confined  to  no  particular  spot  qi* 
form,  may  easily  be  repaired  or  shifted,  should  the  remainder 
break  over  'h. 

No  very  accurate  rule  can  be  laid  down  of -the  manner  of  coo- 
ducting  it,  as  the  numerous  varieties  of  situation  which  occur, 
must  suggest  as  many,  both  in  the  length  and  direction  of  these 

drains. 

< 

'  3.  The  pavement  of  the  road  of  2Q  feet  in  width,  should  then 

be  laid  entirely  on  the  hill  side  of  its  width,  measuring  from  the 
perpendicular  bank,  so  that  there  will  remain  ten  feet  of  unpaved 
road  on  the  other  side.  This  will  afford  an  excellent  summer 
road ;  whereas,  if  the  road  be  paved  in  the  middle,  and  only  five 
fecf  remain  unpaved,  no  carriage  whatever  can  travel  upon  it. 
(E). 

‘  If  the  pavement  be  thus  laid  close  up  to  the  bank,  no  gully  can 
be  made  between  the  road  and  the  hill— for  the  water  that  falls  be¬ 
tween  the  guard  ditch  upon  the  slope,  and  the  road,  is  of  very  little 
importance,  and  being  disch^ged  over  the  hard  pavement,  can  d« 
the  road  no  injury.  .  . .  . 
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There  is  no  doubt,  but  that  in  the  course  of  years,  earth  from 
the  perpendicular  slopes  will  fall  on  to  the  road ;  but  nothing  is 
then  more  easily  removed,  and  by  degrees  the  bank  will  gain  a 
slope  at  VThich  it  will  stand,  and  be  covered  with  vegetation.  If 
the  soil  be  naturally  good,  this  will  happen  in  three  or  four  years. 

4.  The  pavement  should  be  laid  perfectly  level  acrots  the 
road,  or  rather,  if  at  all,  inclining  a  little  towards  the  hill.  All  the 
stones  should  be  broken  to  the  same  size.  Stones  that  will  pass 
through  a  3  inch  ring  are  of  a  very  good  size.  But  it  were  better 
that  they  should  be  even  larger,  than  that  larger  stones  should  be 
laid  first,  and  smaller  stones  upon  them.  That  they  should  be  all 
equal,  is  much  more  essential,  than  that  they  should  either  be  very 
.small  or  the  stratum  be  very  thick.  A  road  of  equal  stones  laid  8 
inches  thick,  will  last  longer  without  requiring  repair,  than  a  road 
of  tw'o  strata  of  diffci'ent  sizes  of  a  foot  thick.  And  a  little  reflec¬ 
tion  will  convince  any  one,  that  it  must  be  so.  A  shoulder  of  large 
stones  would  indeed  be  very  useful ;  for  it  is  important  to  prevent 
the  road  from  spreading  ;  but  a  shoulder  of  eailli  is  probably  suffi¬ 
cient,  and  admits  of  an  easier  passage  from  the  paved  to  the  unpav¬ 
ed  road. 

5.  Culverts,  or  if  it  must  be  so^  stops  (these  stops  are  admira¬ 
ble  contrivances  to  make  a  ditch  of  the  summer  road)  across  the 
road,  must  be  made  to  take  off*  the  rain  water  which  falls  upon  the 
road,  and  also  the  wash  of  the  hills  below  the  guard  drains.  These 
must  be  placed  where  the  judgment  of  the  superintendant  of  the 
road  may  direct,  according  to  circ^j^stanccs.  But,  as  I  said  before, 
drains  or  culverts  should  generally  be  used,  and  always  to  dis¬ 
charge  the  water  of  the  guard  drains — and  where  flat  stones  abound, 
their  expense  is  very  trifling. 

6.  The  principal  part  of  the  U.  States*  road  being  carried  upon 
the  slopes  of  mountains,  the  section  of  the  road  I  propose  would  be 
thus.  (See  plate.) 

But  where  it  is  to  be  carried  on  an  embankment  over  a  valley, 
over  ground  which  does  not  rise  on  one  side  above,  and  on  the 
other  fall  below  it,  or  over  a  ridge,  then  tlie  pavement  should  be  in 
the  centre  of  the  road,  and  the  whole  road  be  40  feet  wide  at  least. 

But  in  the  case  of  a  perfect  level  across  the  road,  there  must  be  a 

♦ 

ditch  on  both  sides  at  the  extreme  of  the  30  feet,  for  the  purpose  of 
preventing  water  from  running  on  to  the  road,  and  to  carry  off*  the 
drainings  of  the  road  itself.  The  paved  part  of  the  road  may  be 
laid  six  or  eight  inches  higher  than  the  sides,  if  the  road  be  level 
longitudinally ;  otherwise  it  is  not  necessary. 


E 


I  have  now  performed  my  promise,  alihoxigh  in  a  manner  mucii 
less  full  and  systematical  than  I  could  have  wished.  I  have  only 
to  add  a  request,  that  you  will  excuse  the  mai;ks  of  haste  which 
you  may  observe,  and  receive  this  letter  as  a  proof  of  my  anxiety  to 
be  useful  to  the  public. 

I  am,  very  respectfully,  yours, 

B.  11.  LATROBK, 

Surveyor  of  the  fiublic  buildings  of  the  U,  States. 


-  APPENDIX  TO  THE  PRECEDING  PAPER. 

THE  above  report,  being  written  for  a  specific  purpose,  does 
not  contain  all  that  information  on  the  method  of  making  public 
roads,  w’hich  is  so  evidently  wanted.  I  will  therefore  offer  to  you 
a  few  further  remarks,  by  way  of  appendix  to  the  report. 


A  road  of  twenty  feet  wide,  in  the  paved  part,  and  having  on 
each  side  five  feet  cleared  and  levelled,  is  for  all  the  purpose  of 
travelling  sufficient.  But  such  a  road  does  not  admit  of  travel¬ 
ling  excepting  on  the  paved  part ;  because  the  wheels  of  all  our 
carriages  run  5  feet  3  inches  nearly,  distant  from  each  other,  in 
the  rut.  A  summer  road  is  therefore  out  of  the  question  ;  and 
indeed,  unless  the  summer  road  be  wide  cnougli  to  admit  two  car¬ 
riages  to  pass  each  other,  the  case  of  travelling  upon  it  is  dear¬ 
ly  purchased  by  the  necessity  (fuming  off  and  on  to  it,  even  if  it 
could  possibly  be  an  uniformly  good  road  in  good  weather,  and  had 
all  the  advantages  which  your  very  judicious  correspondent,  O.  E. 
in  your  3d  No.  (October  1813)  suggests. 

The  sumrner  road  is  an  object  well  worthy  of  attention  in  our 
country.  If  judiciously  made,  it  will,  in  the  middle  states,  and  in 
common  seasons,  be  a  good  road  from  May  to  the  middle  of  July. 
The  rains  which  fall  in  July  and  August  would  occasionally  render 
it  less  eligible  than  the  paved  road  ;  but  from  the  end  of  August  to 
the  middle  of  November,  often  until  Christmas,  with  the  exception 
of  a  w  eek  or  ten  days  about  the  equinox,  it  w’ould  again  be  the  pre¬ 
ferable  road.  During  the  month  of  January,  the  frost  w'ould  ge¬ 
nerally  give  it  solidity  for  a  fortnight  or  tlirec  weeks ;  hut  from 
the  first  of  February  .until  some  time  in  April,  the  breaking  up  of 
the  frost,  and  the  variable  weather,  w^ould  prevent  its  being 
much  used.  To  make  it  useful,  it  is  necessary,  that  it  should  not 
bttthc  receptacle  of  the  v/ash  of  the  paved  road,  by  being  conti- 
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guous  to  and  lower  than  the  road — nor  the  depositary  of  the  stones 
intended  for  repairs  ;  that  it  should  be  protected  by  a  ditch  from  the 
draining  of  the  higher  land  ;  that  it  should  be  wide  enough  to  ad¬ 
mit  the  safe  passage  of  two  carriages,  (not  less  than  15  feet);  or 
that  there  should  be  a  summer  road  on  each  side  of  the  paved  road 
of  ten  feet  wide  at  the  least,  and  that  the  law,  which  directs  all 
carriages  to  turn  to  the  right,  should  prevail  in  respect  to  these 
roads ;  or  in  other  words,  the  carriages  ti*avelling  upon  them 
should  be  obliged  to  keep  the  paved  road  to  their  left  hand.  Of 
the  necessity  of  each  of  these  arrangements  with  respect  to  the 
summer  road,  every  one  who  has  travelled  the  Lancaster  turnpike 
must  be  thoroughly  convinced. 

In  mountainous  districts,  the  maintenance  of  a  good  summer 
road  will  always  be  a  matter  of  expense  and  difficulty ;  greater, 
probably,  than  would  be  rewarded  by  its  advantages.  And  in  the 
contracts  for  the  great  western  road  of  the  United  States,  therefore, 
it  was  right  to  omit  any  provision  for  such  a  road.  But  in  the 
more  level  parts  of  our  country,  it  is  an  object  which  would  be  well 
worthy  of  expense,  and  I  think  that  by  relieving  the  paved  road 
from  wear  for  6  months  nearly  in  the  year,  it  would  repay  the  mo¬ 
ney  laid  out  in  its  maintenance.  Its  original  construction  is  an  ob¬ 
ject  of  small  comparative  expense. 

B. 

In  passing  Mongthe  Lancaster  tumpike,  I  think  in  1797,  in  a 
part  then  unfinished,  I  observed  that  a  stratum  of  large  flat  stones 
was  first  laid  upon  the  clay,  and  smaller  stones  broken  over  them.  I 
stopped  and  stated  ray  opinion  to  a  person  who  appeared  to  superin¬ 
tend  the  work,  on  this  injudicious  mode  of  making  the  road  ;  using 
all  the  arguments  that  occurred  to  me  to  convince  him  of  the  cor¬ 
rectness  of  my  remai'ks.  He  did  not  know  me  or  my  profession, 
and  heard  me  with  great  civility  ;  but  I  did  not  succeed  in  convinc¬ 
ing  him.  In  1801,1  passed  over  the  same  ground,  and  found  the 
same  person  superintending  a  gang  of  men  who  were  breaking  up 
the  large  flat  stones  which  then  had  arrived  at  the  surface.  There 
arc  many  parts  of  the  Lancaster  road  that  now  bear  witness  against 
this  injuriotis  practice ;  but  the  Rcistertown  road,  near  Baltimore, 
two  or  three  years  ago,  aflbrdcd  the  strongest  proof  against  the  me¬ 
thod  of  making  roads  by  beginning  with  a  stratum  of  large  stones^ 
that  I  have  observed ;  for  it  was  hardly  passable  for  horses  or  light 
carriages,  on  account  of  innumerable  loose  stones  lying  and  roll¬ 
ing  in  the  horse  path.  The  mode  often  adopted  in  covering  turn¬ 
pike  roads  is  not  very  judicious,  namely,  to  lay  the  stones  dov  n  in 


the  i^d  as  they  come  frdm  the  quarry,  and  breaking  them  after- 
'wards  upon  the  road  itself.  It  is  no  doubt  the  easiest  method,  and 
can  be  afforded  at  a  less  expense.  But  on  the  other  hand  it  is  open 
to  great  deception,  and  a  very  active  overseer  may  be  persuaded 
by  appearances  that  the  size  of  the  stones  is  uniform,  while  the 
small  ones  cover  large  unbroken  fragments.  If  the  stones  are 
broken  up  at  the  side  of  the  road,  and  shovelled  on  from  the  heap, 
po  such  deception  can  take  place. 


There  is  no  word  so  little  understood,  or  so  much  abused  as  the 
word  economy.  In  nine  cases  out  of  ten  in  which  it  is  attempted  to 
be  practised,  its  true  meaning — the  meaning  proved  correct  by  the 
result— is  the  waste  qf  ignorance  or  of  inexfierience.  The  pro¬ 
verb,  “  Nothing  is  cheap  that  is  useless,**  is  like  most  other  pro¬ 
verbs,  fraught  with  an  important  lesson. 

Nothing,  in  fact,  is  so  cheap  as  the  best  workmanship  employ¬ 
ed  on  the  best  materials.  Labour  is  productive  in  proportion  as 
It  is  cheerfully  performed ;  and  no  labour  is  cheerfully  and  well 
performed  that  is  inadequately  paid.  Materials  are  cheap,  in  pro¬ 
portion  as  they  arc  durable,  and  as  the  labour  employed  upon  them 
is  employed  in  sufficient  quantity  and  with  judgment.  The  bad 
condition  and  the  unproductiveness  of  the  stockholders  of  many 
of  our  turnpike  roads,  is  to  be  attributed  to  the  hard  bargaiiis, 
that  is,  the  cheafi  bargains  under  which  they  were  originally  made, 
and  the  cheap,  materials  of  which  they  consist. 

When  however  an  important  communication  is  for  the  first 
time  to  be  opened,  and  when  after  every  exertion  that  patriotism, 
and  local,  and  personal  interest  combined,  can  make,  a  fund  only 
adequate  to  make  an  indifferent  road,  can  be  raised— I  then  agree, 
that  at  all  events  the  work  should  be  some  how  performed,  or,  as  our 
road-makers  say,  any  how'*  Such  a  road  will  always,  before  it 
becomes  a  good  road,  cost  more  in  money,  than  a  road  well  and 
permanently  made  at  first,  and  undertaken,  not  by  the  lowest  bid¬ 
der,  but  by  men  who  have  honest  principles  and  regard  their  en¬ 
gagements  and  their  character,  more  than  the  amount  of  the  pro¬ 
fit  they  may  make.  Such  men  I  have  employed,  and  they  are 
not  difficult  to  be  found.  But  it.  is  hardly  possible  that  a  good 
road  can  cost  too  much,  if  the  benefit  to  the  community,  and  not 
-CO  the  stockholders  is  considered. 


The  first  turnpike  roads  made  hi  the  county  of  Essex,  in  Eng¬ 
land,  over  the  perfectly  level  part  of  the  county,  and  X  believe  all 
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the  level  turnpike  roads,  in  level  countries,  which  were  construct¬ 
ed  in  the  early  period  of  this  improvement  of  the  public  highways, 
were  made  on  this  principle,  namely,  of  an  alternate  artificial 
ascent  and  descent. 

My  memory  however  furnishes  me  only  with  perfect  knowledge 
of  the  fact ;  and  I  regi’ct  that  I  cannot  point  out  the  source  of  infor¬ 
mation  from  which  I  derived  it.  I  recollect  however  passing  over 
such  a  road  in  the  hundreds  of  Essex,  during  some  part  of  my  re¬ 
sidence  of  about  ten  years  in  England  (about  20  years  ago)  and  I  also 
recollect  having  assigned,  as  reasons  why  the  method  was  disconti¬ 
nued,  that  it  was  much  more  expensive  than  to  barrel  the  roads 
(to  give  them  a  convex  surface)  sind  that  tlie  lowest  parts  were 
apt  to  be  overflown.  These  are  good  reasons,  although  the  dis¬ 
carded  method  is  certainly  preferable  to  that  which  succeeded  it. 
The  overflowing  of  the  lower  parts  or  kennels  would  be  avoided 
by  culverts  or  drains  across  the  road.  I  know  in  our  country  no 
extensive  levels,  in  which  the  soil  is  clay,  and  of  course  in  which 
the  roads  are  apt  to  be  miry  excepting  the  levels  in  the  county  of 
Fauquier,  in  Virginia,  abounding  in  copper  ore,  and  in  which  arc 
the  sources  of  the  Occoquan.  In  Jersey,  Delaware,  aiid  Mary¬ 
land  there  are  level  and  extensive  clayey  swamps,  but  all  these 
may  be  drained,  by  carrying  the  drains  to  a  sufficient  distance. 
Having  had  occasion  in  the  Peninsula  between  the  Delaware  and 
Chesapeake  to  run  many  miles  of  level  through  such  flats,  I  have 
foundthemallto  descend  6inchcsin  a  mile  to  the  S.  E.  In  such  si¬ 
tuations,  the  whole  road  to  the  width  of  two  rods  (33®)  should  be 
raised  above  the  level  by  the  contents  of  deep  and  wide  ditches  on 
each  side,  before  the  hard  material  is  carried  on  them. — And  in 
my  opinion  they  should  be  made  perfectly  flat,  if  not  concave  with 
occasional  ditches  and  culverts  or  bridges  across  tliem.  To  make 
good  roads  over  a  rolling  country,  little  art,  but  much  labour,  is 
required.  The  most  difficult  task,  and  that  requiring  the  most  art^ 
is  to  make  a  good  road  over  a  level  clay  country. 

In  the  level  country  between  Retford  and  Gainsborough,  in 
England,  and  throughout  the  clay  flats  of  the  counties  of  Notting¬ 
ham  and  Lincoln,  a  sort  of  horse  path  exists,  the  continuation  of 
which  is  ascribed  to  the  Romans,  and  which  is  certainly  not  of  ve¬ 
ry  modem  date.  These  paths  are  ditches,  the  bottoms  of  which 
are  filled  W'ith  sea-beach  pebbles,  (shingle.) 

In  several  visits  to  that  pait  of  England  I  never  saw  them  free 
from  water ;  and  have  rode  in  them  many  miles,  always  wet  above 
the  horses  fet-locks.  They  are  to  this  day  an  excellent  horse 
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path  in  the  most  miry  country  in  the  world. — I  was  informed  that 
they  had  never,  within  the  memory  of  man,  been  replenished  with 
fresh  pebbles.  The  proposition  may  seem  strange,  and  will  be  no 
doubt  ridiculed,  but, — if  travelling  in  water  were  not  disagree¬ 
able, — I  cannot  help  thinking  that  over  a  flat  wet  country  such  a 
ditch  road  20  feet  broad,  filled  with  gravel  or  pebbles,  or  broken 
stones  a  foot  deep  in  the  bottom  and  having  not  more  than  six 
inches  of  water  upon  it,  would  be  the  best  possible  road  that  could 
be  made.  One  cause  of  destruction  would  be  avoided,  the  washing 
away  of  the  hard  particles  separated  by  attrition ;  they  would  al¬ 
ways  remain  and  fill  the  interstices  so  as  probably  in  time  to  convert 
the  road  into  a  sort  of  rock. — Nor  would  the  frost,  another  power¬ 
ful  destroyer  of  roads  affect  it. — But  it  is  useless  to  discuss  a 
method  which  wdll  never  be  used,  and  for  which  fortunately  we 
have  no  frequent  occasion. 

Mr.  Wilkes,  an  opulent  banker  in  London,  who  possessed 
large  estates  in  the  county  of  Derby  in  England — and  a  spirit  of 
enterprizc  combined  with  uncommon  force  of  intellect,  engaged 
largely  in  the  making  of  turnpike  roads  in  that  county,  and  in  con¬ 
versations  with  him  on  that  subject,  I  have  received  more  infor¬ 
mation  than  from  any  other  source  whatever. 

His  roads  were  the  best  in  England.  On  to  some  of  them  he 
had  led  a  running  stream  of  water ;  all  that  I  saw  were  somewhat 
concave  instead  of  convex.  But  least  I  should  misstate  any  thing 
respecting  them,  for  want  of  correct  recollection,  I  will  content 
myself  with  this  notice  of  his  operations,  in  order  that  you  or  some 
of  your  correspondents  may  be  led  to  enquire  whether  or  not  some¬ 
thing  has  been  published  by  himself,  on  this  subject.  I  have  a 
faint  idea  that  I  have  seen  a  description  of  the  principles  and  •me¬ 
thod,  by  which  he  constructed  his  roads,  in  print. 

E. 

These  oblique  gutters  arc  defended,  as  stopping  places  for  car¬ 
riages. — It  is  indeed,  in  common  humanity,  proper  to.  stop  in  the 
gutter,  after  the  horses  have  exhausted  themselves  by  dragging  a 
waggon  or  carriage  over  the  ridge.  But  it  the  waggoner  would 
carry  along  with  him  a  block  of  wo(jd  with  a  handle,  by  way  of  a 
scotch^  (catch)  to  his  wheel  he  could  stop  where  he  pleased. 
The  roller  used  in  England  would  answer  the  same  purpose,  but 
although  it  effectually  prevents  the  injury  which  might  occur  by 
the  waggon’s  running  back  unexpectedly,  it  is  not  otherwise  abet¬ 
ter,  nor  a  more  convenient  contrivance  than  the  block. 

Should  the  papers  I  now  send,  be  honoured  with  a  place  in  the 
Emporium,  I  will  endeavour  to  collect  all  the  information  on  pub- 
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lie  roads,  which  my  professional  experience,  or  the  books  which  I 
possess,  or  to  which  I  can  gain  access  may  furnish  and  transmit 
it  to  you.  Much  is  also  to  be  said  on  the  subject  of  wheel  car¬ 
riages,  and  the  hint  you  have  thrown  out  respecting  the  employ¬ 
ment  of  small  carriages  in  greater  number,  instead  of  heavy  wag¬ 
gons,  is  well  worthy  of  investigation. 

B.  H.  LATROBE. 

Pittsbur^y  Ftb.  10,  1814. 

I  need  hardly  say,  that  I  shall  be  greatly  obliged  by  Mr.  La- 
trobe’s  future  communications  on  this  important  subject,  so  little 
understood  upon  principle,  in  the  United  States.  My  own  col¬ 
lections  on  the  subject  of  roads  and  one  horse  carts  in  particular,  I 
will  endeavour  to  introduce  (if  I  can)  in  the  next  number :  per¬ 
suaded  that  though  this  be  not  a  popular  subject,  it  is  a  subject  of 
great  moment.  T.  C. 
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MANUFACTURES. 

A  Letter  to  a  friend  of  the  Editor.^  on  Manufacturer, 

Sir — As  I  believe  to  promote  the  internal  improvement)  do< 
me  Stic  trade,  and  industry  of  this  country,  is  amongst  the  greatest 
services  that  can  be  rendered  its  society,  you  will  not  be  surprised 
at  my  solicitude  to  engage  your  powers  and  influence  in  favor  of  a 
policy,  in  my  opinion  so  perfectly  adapted  to  preserve  the  govern¬ 
ment  from  the  conflicts  with,  and  influence  of  foreign  nations;  in¬ 
separable  from  a  dependence  on  them  for  what  is  naturally,  or  has 
by  habit  becon^  necessary  to  our  citizens. 

It  has  already  been  noticed,  that  Britain  by  the  application  to 
the  affairs  of  society,  of  the  powers  of  gravity,  expansion,  the  various 
modifleations  of  the  mechanical  principles,  chemistry,  all  the  arts 
and  sciences,  in  short  bringing  to  the  service  of  her  manufacturers, 
fire,  air,  earth  and  water,  gives  to  each  of  them  the  power  of  pro¬ 
ducing  sufficient  to  exchange  for  the  labour  of  many  agricultur¬ 
alists,  or  persons  employed  in  occupations  that  can  only  be  per¬ 
formed  by  mere  human  labour.  Let  us  endeavour  to  explain  this 
imperfect  subject  and  form^somc  computation  of  what  she  gains  in 
money,  and  then  estimate  from  tliis,  the-  number  of  human  beings  it 
would  require  to  produce  by  their  labour  such  an  amount. 

It  is  proper  to  premise,  that  the  sums  arc  stated  on  conjecture ; 
but  the  principle  is  correct ;  and  this  paper  is  only  intended  to  set 
you  at  work.  The  true  data  can  be  found  in  public  documents, 
and  British  works  on  political  economy,  while  much  assistance 
may  be  had  from  Cooper,  Fulton,  T.  Cox,  Bolman,  &c. 

'In  the  last  published  number  of  the  Emporium,  I  think  Cooper 
states  the  saving  to  the  British  from  using  Watt  and  Bolton’s 
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steam  engine,  at  75,000/.  a  day,  or  in  round  numbers,  at  twenty -fiva 
millions  per  annum ;  so,  heading  the  account  with  this, 

1st.  Annual  saving  by  Watt  and  Bolton’s  steam 
engine  at  -  -  -  -  25,000,000/. 

2d.  Arkwright’s  spinning  in  all  its  varieties  -  40,000,000/* 

3d.  Bridgewater’s  canal  system  including  rail 
ways  7,000,000/. 

4th.  Threshing  mill  equal  to  150  days  labour  at  2s.  6d.  on 
100  acres  farmed  after  the  stile  of  the  Lothjans  near  Edinburgh, 
and  renting  at  3  or  400/.  per  annum. 

This  last  item  I  cannot  fill  up  for  want  of  documents  to  shew 
the  extent  of  cultivated  land  in  Britain,  and  the  use  of  threshing 
machines  thereon.  But  the  saving  from  this,  and  the  improve¬ 
ment  of  ploughs  is  very  great ;  and  enables  the  government  of  that 
country  to  tax  all  the  land  1 5  per  cent,  per  annum  on  its  real  rent¬ 
al.  There  may  be  other  grand  items  that  should  be  added  to  this 
account,  and  may  possibly  be  suggested  by  the  persons  mentioned. 
To  detail  all  the  minor  improvements  that  have  been  made,  by  em¬ 
ploying  the  Tilt  hammer.  Roller,  Screw,  &c.  in  doing  what  other 
countries  perform  by  the  hammer,  and  manual  labor,  weaving  by 
water,  and  having  excellent  roads,  &c.  &c.  is  not  necessary  here  to 
state,  and  would  require  knowledge  I  do  not  possess ;  so  these  shall 
be  thrown  in,  to  keep  the  gi’and  account  entire. 

Taking  the  total  amount  of  saving  by  these  four  grand  im¬ 
provements  at  75,000,000/.  sterling  per  annum — and  three  shill¬ 
ings  and  four  pence  to  be  equal  to  one  day’s  wages  of  a  manu¬ 
facturing  workman,  who  for  Sundays,  holidays,  and  sickness,  loses 
only  65  days  in  the  year,  (making  50/.  sterling  a  year) — it  equals 
the  wages  of  1,500,000  men.*  This  prodigious  saving  of  human 
labour  by  manufactures  and  machinery,  is  the  principal  source 
which  furnishes  the  means  by  which  Britain  supports  her  expen¬ 
sive  government,  her  army,  navy,  clergy,  nobility,  revenue  officers, 
subsidies,  &c.  which  enables  her  to  make  roads,  canals,  &c.  This 
gives  her  the  command  of  1,500,000  surplus  men  upon  an  equal 
population,  whenever  they  are  wanted  for  national  purposes.  Part 
of  this  she  will  lose  by  other  countries  adopting  the  same  system# 
and  working  in  the  same  manner  for  themselves  or  their  neigh¬ 
bours  :  her  statesmen  are  sensible  of  this,  and  do  all  they  can  to 
prevent  it- 


•  The  manuscript  has  it  750,000  men.  T.C. 
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Now  this  addition  of  men  whose  work  is  performed  by  ma¬ 
chinery,  requires  neither  food,  clothing,  or  lodging ;  the  produce 
is  clear  gain,  and  adds  more  to  the  resources  of  a  country  like 
Britain  where  collecting  taxes  is  so  well  understood,  than  the  ad¬ 
dition  of  German,  Russian,  or  French  territory,  on  which  there 
existed  thrice  the  number  of  agricultural  inhabitants. 

The  success  of  manufactures  depends  on  a  decided  national 
approbation  and  support ;  it  is  to  manufactures  we  must  look  for 
the  improvement  of  the  countiy,  by  intix)ducing  good  roads,  canals, 
and  rail  ways.  These  in  their  turn  will  raise  the  value  of  land, 
and  enrich  and  make  comfortable  the  farmer  ;  for  gcncralt)', 
though  our  farmers  arc  wealthy,  they  experience  the  plagues  of 
poverty  from  not  being  able  witli  ease  to  convcit  their  abundance 
into  the  common  medium  of  commerce,  owing  to  the  market  be¬ 
ing  so  far  from  them. 

You  must  be  very  sensible  such  a  system  of  home  manufacture 
must  have  great  iniluence  in  keeping  America  out  of  European 
squabbles :  this  is  very  important  ;  and  considering  three  fifths  at 
least  of  the  shipping  merchants  for  the  last  nineteen  years  of  my 
own  experience,  have  either  broken  during  their  lives,  or  died  in¬ 
solvent,  it  furnishes  room  for  reflection  and  inquiry  a  little  farther 
into  the  mercantile  system,  before  we  assign  to  it  all  the  good  con¬ 
sequences  which  its  friends  are  willing  to  suppose. 

I  would  not  from  what  has  been  said,  have  you  conclude  my 
opinions  are  hostile  to  commerce  ;  on  the  contrary,  I  consider  it 
essential  to  civil  society :  but  its  brilliant  and  striking  chameter  has  a 
tendency  to  mislead  our  judgment  and  induce  us  to  consider  it  al¬ 
most  exclusively  as  the  source  of  productive  wealth;  which  is  not 
the  fact ;  its  foundation  is  on  wealth  already  produced  ;  but  though  it  * 
is  an  effect  growing  out  of  agriculture  and  labour,  I  acknowledge 
that  in  Its  turn  it  becomes  a  cause  and  assists  the  parents  who  give 
it  birth.  The  brilliancy  of  foreign,  is  greater  than  domestic  com¬ 
merce,  but  in  my  opinion  far  less  important.— -Of  this  truth  Bri¬ 
tain  is  everyday  becoming  more  sensible  ;  and  her  writers  on  poli¬ 
tical  economy  now  acknowledge,  that  her  domestic  is  at  least  six 
times  her  foreign  commerce. 

Would  it  be  advisable  for  the  president  to  recommend  the  con¬ 
sideration  of  this  subject  to  Congress  ?  Would  it  be  of  advantage 
to  the  nation  to  have  a  department  under  a  minister  or  secretary 
of  domestic  affairs  ?  The  time  is  coming,  when  the  nature  and 
extent  of  our  concerns  will  require  a  separation  of  the  foreign  and  » 


Manufactures.  301 

domestic  offices.  It  seems  to  me  that  order  and  expedition  can* 
not  be  preserved  without  something  of  the  kind,  but  perhaps  we 
arc  not  yet  ripe  for  it.  However,  under  these  impressions  I  sub^ 
mit  to  your  consideration  the  following  remarks.  Ypur’s,  S;:c. 

J.  R. 

•  May  22,  1814. 

ON  MANUFACTURES. 

Sir — I  find  it  much  more  difficult  to  express  on  paper,  in  any 
thing  like  methodical  order,  ideas  on  manufactures,  commerce,  and 
political  economy,  than  to  talk  about  them ;  but  it  is  pretty  evident, 
and  of  course  easily  said,  that  the  country  that  has  its  productive 
powers  of  labour  and  cafiital^  duly  apportioned  into  the  three 
grand  divisions  of  social  employment,  agriculture,  manufactures, 
and  commerce,  will  be  the  most  independent  of  foreign  nations ; 
and  its  citizens  will,  in  the  most  perfect  manner,  not  rival,  but 
support  each  other.  On  the  contrary,  a  country  all  agricultural 
or  commercial,  while  dependent  on  foreign  nations  for  necessaries 
and  comforts,  has  all  its  citizens  rivals  to  each  other.  Farmers  have 
little  occasion  to  buy  wheat  and  potatoes  from  each  other;  but  the 
weaver,  spinner,  and  smith,  must  purchase  these  articles ;  and 
their  labour  produces  shovels,  yarn,  and  cloth,  with  which  they 
directly  pay  the  farmer  for  his  grain,  beef,  cotton,  &c.  or  have  the 
operation  done  through  the  merchant,  as  the  common  agent  or 
factor. 

As  the  United  States,  heretofore,  have  been  occupied  chiefly 
with  agriculture  and  commerce,  the  country  has  been  too  depend¬ 
ent  on  foreign  nations,  and  the  people  rivals  to  each  other.  The 
consequences  of  which  have  been  very  considerable.  The  inti^- 
rior  is  drained  of  its  increase^  to  pay  for  foreign  necessaries  ;  tlie 
product  of  the  farmer  sells  at  a  price  reduced,  in  proportion  to  the 
expense  of  conveying  it  to  the  consumer;  which  on  heavy  or 
bulkly  articles,  such  as  flour  and  cotton,  must  be  very  great,  when 
the  producing  places  arc  at  Boston,  Pittsburgh,  or  Augusta,  and 
the  consuming  places  Paisley,  Birmingham,  or  Madrid.  The 
commercial  class  is  loo  numerous ;  and  their  rivalship  unduly  rais¬ 
es  \he  price  of  domestic  articles,  at  home,  and  lowers  them  abroad  ; 
the  consequence  of  which  is,  that  three  fifths  of  the  merchants  on 
an  average  during  the  presidencies  of  Messrs.  Washington, 
Adams,  Jefferson,  and  Madison,  have,  either  in  the  course  of  their 
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lives,  or  at  death,  been  insolvent.  The  introduction  of  manufac¬ 
tures  greatly  alters  this  state  of  tilings,  by  affording  employment 
for  all  kinds  of  genius,  and  any  amount  of  capital ;  draws  the  super¬ 
abundance  of  men  and  money  employed  in  commerce,  into  manu¬ 
factures;  and  bringing  the  consumer  into  the  farmer’s  neighbour¬ 
hood,  can  afford  to  pay  him  a  higher  price  than  he  has  heretofore 
received  from  the  merchant ;  and  at  the  same  time,  the  consumer 
buys  every  thing  at  a  price  much  below  what  it  would  have  cost, 
had  he  resided  in  Manchester  or  Glasgow ;  in  short,  between  them 
they  save  all  the  costs  and  charges  incident  to  land  and  water 
transportation,  agencies,  commission,  insurance,  custom-house 
fees,*  and  the  whole  list  of  direct  and  indirect  foreign  taxation ; 
it  is  introducing  into  society  the  labour-saving  principles,  now  well 
understood  in  manufactories.  It  would  be  unnecessary  employ¬ 
ment  to  enquire  into  the  pro’s  and  con’s  on  the  policy  of  manufac  - 
turing,  urged  twenty  or  thirty  years  ago.  The  astonishing  im¬ 
provement  of  arts  and  sciences  has  settled  the  question. 

The  propriety  of  manufacturing,  might  be  questioned  when 
the  whole  power  of  one  individual  was  employed  in  making  a  sin¬ 
gle  thread  ;  when  human  beings  carried  on  their  backs,  coals  and 
minerals  from  the  bottom  of  mines.  A  whole  day  was  required 
by  one  man  to  make  10  or  12lbs.  of  nails.  But  every  thing  is 
changed.  Now,  all  the  powers  of  gravity  and  expansion,  the  ele¬ 
ments  of  fire,  air,  water.  Sec.  Sec.  arc  placed  under  the  controul  of 
man,  and  rendered  equally  subservient  to  his  objects,  whether  de¬ 
licately  minute,  or  ponderous  and  bulky.  A  fibre  of  cotton  or  a 
bar  of  copper,  are  managed  with  equal  facility,  and  the  ends  in 
view  attained  with  the  same  accuracy.  Capital  employed  in  form¬ 
ing  a  dam,  race,  and  saw  mill,  places  a  little  ripple  or  a  great 
stream,  under  the  command  of  a'few  men,  and  makes  it  perform  the 
labour  of  hundreds,  at  no  expense  of.  food,  lodging  or  raiment. 
The  same  observation  applies  to  the  steam,  and  all  other  engines ; 
so  that  manufactures  arc  to  nations,  equivalent  to  encrcasing  their 
population.  On  reflecting  upon  these  great  improvements,  the 
mind  is  struck  with  surprize,  that  no  discoveries  have  been  made 
to  abridge  the  manual  labour  of  husbandry.  After  the  threshing- 
mill  and  cradle  scythe,  there  is  nothing  of  any  consequence ;  nor 
from  the  nature  of  agricultural  operation,  is  there  a  prospect  of 
much  alteration ;  and  it  is  very  probable  that  the  United  States, 
in  exchanging  her  agricultural  products  w  ith  some  of  the  Euro¬ 
pean  nations  for  their  goods  manufactured  by  the  agency  of  machi¬ 
ne  !v,  irlvc  the  iiibour  of  four  farmers  for  one  manufacturer. 
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Amongst  the  consequences  resulting  from  this  accession  of  ma¬ 
nufacturing  and  mechanical  power,  is  the  ability  accruing  to 
these  nations,  of  maint»ning  great  armies  and  navies ;  too  often 
employed  to  annoy  the  very  persons  who  buy  their  wares. 

It  must  be 'evident,  that  to  bring  into  the  service  of  man  the 
mighty  agents  alluded  to,  and  set  them  at  work  in  preparing  his 
food,  cloathing,  necessaries  and  luxuries,  by  habit  become  neces¬ 
sary  ;  much  capital,  [accumulated  labour,  or  in  other  words  the 
product  of  labour  not  consumed,]  must  be  invested  in  machinery 
and  apparatus,  which  require  time  and  labour  to  set  up.  Whereas 
all  that  a  woman  wants  to  enable  her  to  spin  one  thread,  is  a  wheel 
and  reel,  which  can  be  procured  for  four  dollars ;  and  this  is  ten 
limes  the  sum  necessary  to  fit  her  up  with  a  distaff ;  a  business 
like  this,  may  be  begun  and  laid  aside,  on  the  exigencies  of  a  week. 
Not  so  the  other.  Before  a  thread  can  be  made,  many  thousand 
dollars  must  be  expended  on  the  mill  and  apparatus.  A  nation,  to 
avail  herself  of  the  benefits  growing  out  of  the  great  improvements 
tJiat  have  been  introduced  into  the  arts  and  sciences,  must  cherish 
the  infant  efforts  of  her  citizens  by  judicious  and  stable  laws,  and 
inspire  them  with  confidence  to  embark  their  property  and  time  in 
those  undertakings.  A  manufacturer  and  his  capital  have  a  fixed 
chai'acter,  they  cannot  be  changed  like  the  merchant.  Under 
these  circumstances,  no  nation  will  progress,  except  her  legisla¬ 
ture  contributes  protection  ;  and  the  farther  other  countries  have 
advanced  before  she  begins,  so  much  stronger  is  the  protection  re¬ 
quired.  The  United  States  possesshig  vast  resources  in  the  vigour 
and  activity  of  her  people,  extent  and  quality  of  soil,  uniformity  of 
government  and  language,  mines,  forests,  8cc.  &c.,  I  once  thought 
that  a  fixed  duty  of  35  per  cent.,  would  be  sufficient  to  cherish 
tliose  manufactures  essential  to  her  independence  and  wealth,  but 
on  more  maturely  weighing  the  subject,  1  think  the  import  should 
be  raised  to  fifty ;  that  in  two  years  from  the  termination  of  the 
present  M'ar,  5  per  cent,  should  be  taken  off  the  import,  and  at  tlie 
end  of  three  years  another  5  per  cent.,  and  at  the  end  of  four  years 
a  farther  reduction  of  5  per  cent,  and  the  remaining  35  per  cent, 
to  be  considered  perpetual.  This  gradual  way  of  lowering  the 
duties,  would  be  favourable  to  the  revenue,  the  manufacturers  and 
holders  of  foreign  goods.  A  rapid  reduction  will  be  most  mischiev¬ 
ous  to  both  the  latter,  and  this  cautious  way  of  proceeding,  would 
afford  time  to  apply  any  special  remedies  that  particular  cases 
might  require.  It  will  soon  be  found  that  many  particulars  cari 
maintain  their  ground  advantageously,  at  much  lower  protecting 
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duties  than  35  per  cent.;  indeed,  there  is  no  doubt  that  after  a  home 
manufacture  is  under  way,  and  has  for  some  time  got  possession  of 
the  market,  it  can  combat  the  foreign  one  with  greater  effect  at  a 
duty  of  10,  5  or  no  per  cent,  tlian  it  did  in  infancy  at  fifty.* 

Compared  with  the  duties  of  importation  imposed  by  foreign 
nations,  50  per  cent,  is  low.  I  think  the  duty  on  a  yard  of  woollen 
goods  imported  into  Britain  is  g  6  22  cents,  be  its  quality  what  it 
may  i  even  the  raw  materials  of  cotton,  turpentine,  logs  of  wood, 
&CC.  exceed  in  France  and  Britain,  wliat  is  here  charged  on  their 
gewgaws. 

The  mischievous  effects  on  the  settled  regular  business  of  a 
country,  from  excessive  importations,  arising  out  of  particular 
causes,  such  as  a  country  being  instantly  shut  out  from  some  mar¬ 
ket  heretofore  enjoyed  by  her ;  sending  the  excess  here,  gluts  the 
market,  and  stagnates  in  the  hands  of  the  manufacturer,  many 
months  produce :  this  is  a  serious  evil,  and  Britain  either  has 
guarded  herself  against  this,  or  soon  seizes  the  event,  and  by  new 
duties,  turns  it  to  the  account  of  her  revenue  ;  some  such  provision 
should  be  made  in  the  United  States ;  I  am  strongly  impressed 
with  tlie  opiiiion,  that  from  this  will  come  the  ruin  of  many  of  our 
manufacturers,  and  even  some  of  the  manufactures  themselves; 
but  50  per  cent,  would  extend  to  them,  a  fair  chance  of  success, 
and  nothing  farther  should  be  tried  at  present. 

In  such  a  population  as  Philadelphia,  there  are  now  numbers 
not  employed,  who  in  the  existence  of  manufactures  would  g^iu 
considerably  ;  and  the  aggregate  of  their  annual  wages,  would  be 
an  immense  sum  added  to  the  nation’s  wealth. 

Indeed,  it  has  been  stated  by  some  political  writer  to  Napoleon, 
that  it  was  in  the  villages  of  France,  that  he  could  conquer  the  Bn- 
tish  navy.  Bonaparte  was  a  better  judge  of  military  affairs,  than 
of. political  economy,  and  rejected. the  plan.  Industry  is  not  so 
brilliant  as  military  exploits,  but  its  effects  are  frequently  more 
successful,  always  safer,  and  it  increases  the  resources  to  support 
the  latter.  If  congress  does  not  very  soon  act  decidedly  in  favour 
of  manufactures,  the  spirit  will  generally  languish,  and  probably 
some  of  the  establishments  perish :  w'hich  would  be  a  circum¬ 
stance  much  to  be  regretted,  as  in  this  part  of  the  controversy 
with  the  enemy,  wc  have  been  surprisingly  successful. 

I  am  respectfully, 

J.  R. 

•  It  would  appear  to  me  protection  quite  sufficient,  if  beginning  with  50  pc; 
cent.  5  per  cent  were  taken  ofl* every  two  years,  till  the  permanent  duty  should 
reduced  to  15  per  cent.  T.  C. 
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Mr.  William  Hembel,  jun.  of  Philadelpliia,  having  had  much 
experience  in  making  the  chromat  of  Lead,  I  wrote  to  him  for  his 
process ;  which,  with  the  liberality  so  common  among  scientific 
Chymisls,  he  has  been  good  enough  to  send  to  me.  I  have  seen 
no  specimens  of  the  colour  equal  to  what  he  has  made.  T.  C. 

Dear  Sir, 

THE  great  difficulty  in  preparing  the  Chromat  of  Lead,  is  to 
preserve  an  uniform  colour  during  the  whole  precipitation  with 
nitrate  of  Lead.  Vauquelin,  Murray  and  other  writers,  found  the 
difficulty  so  insurmountable,  that,  they  concluded,  Chromat  of 
Lead  could  never  be  made  subservient  to  the  arts. 

In  my  first  experiments,  I  experienced  similar  disappoint* 
ments ;  prepossessed  with  the  opinion  of  Mr.  Vauquelin,  I  con¬ 
cluded,  that,  the  different  colours  of  the  same  precipitation,  were 
occasioned  by  different  quantities  of  alumina,  or  magnesia,  which 
the  chromic  acid  carried  down,  by  an  affinity  too  strong  to  be  in¬ 
terrupted,  otherwise  than  by  the  regular  order  of  analysis. 

It  will  however  be  obvious  to  you,  that  such  a  proceeding  would 
be  totally  incompatible  with  the  despatch  of  the  manufactory,  even 
supposing  that  the  manufacturer  possessed  tlie  talents  to  conduct 
such  complicated  processes,  which  it  is  often  necessary  to  modify, 
from  causes  which  can  only  be  appreciated  by  the  practical  chy- 
mist. 

Disappointed  in  every  attempt  to  procure  a  deep  and  uniform 
colour,  I  finally  separated  all  the  earths,  previous  to  adding  the  ni¬ 
trate  of  lead  ;  under  the  persuasion,  that  when  they  were  removed 
no  obstacle  would  remain  to  prevent  an  artificial  product  being  ob¬ 
tained  equal  in  beauty  to  the  natural :  but  the  result  disappointed 
my  expectations,  and  at  the  same  time  instructed  me,  that  it  was 
not  the  earths  only,  but  carbonic  acid  also,  which  had  hitherto  baf¬ 
fled  my  endeavours. 

I  had  long  satisfied  myself,  that  no  quantity  of  acid  was  suffi¬ 
cient  to  expel  all  the  carbonic  acid  from  alkalies,  in  the  time  alloU 
ted  to  processes  of  the  laboratory,  unless  the  solution  was  heated 
to  the’boiling  temperature  at  the  same  tiflle ;  and  reasoning  from 
that  fact,  I  concluded,  that  the  carbonic  acid,  which  the  alkali  of 
the  nitre  acquired  during  the  fusion  of  the  mineral,  combined  with 
part  of  the  nitrate  of  lead,  w  hich  precipitating  with  the  chromat 
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of  lead,  occasioned  all  the  varieties  in  shades,  in  which  the  pig¬ 
ment  was  exhibited  in  our  experiments.  Under  that  impression, 

I  digested  a  portion  of  the  precipitate  which  I  had  obtained  in  for¬ 
mer  experiments,  in  cold  diluted  nitric  acid,  a  slight  effervescence 
ensued  j  and  the  colour  immediately  improved  to  a  lively  orange 
yellow :  nearly  equal  to  that  which  you  think  superior  to  any  you 
have  seen  prepared. 

The  result  of  the  above  experiment  suggested  the  following 
processes.  The  first  I  have  verbally  communicated  to  several  per¬ 
sons*,  who  have  undertaken  to  prepare  the  pigment  for  sale  :  but, 
from  the  inferior  colour  which  they  produce,  I  fear  that  more 
knowledge  of  chymical  processes  is  necessary  to  enable  a  person 
to  conduct  the  second  than  is  common  to  mere  manufacturers. 

1st.  Reduce  any  quantity  of  chromat  of  iron  to  a  powder  suffici¬ 
ently  fine  to  pass  through  a  sieve  of  the  finest  bolting  cloth ;  tritu¬ 
rate  half  its  weight  of  nitrat  of  potash,  and  mix  the  two  powders  inti¬ 
mately  together.  Introduce  the  whole  into  an  iron  pot  (I  use  the  pot 
of  a  cast  iron  glue-kettle,  having  a  cover)  and  add  as  much  water 
as  will  reduce  the  whole  to  the  consistence  of  thick  paste.  Place 
the  pot  on  some  lively  coals,  and  cause  the  water  to  boil,  stirring 
the  whole  occasionally  with  a  stick,  until  the  mass  is  dry ;  then  in¬ 
troduce  the  pot  into  an  air  furnace,  and  heat  it  about  a  cherry  red ; 
but  be  careful  not  to  increase  the  temperature  as  long  as  oxygen 
gas  is  evolved,  otherwise  the  pot  will  be  melted.  The  escape  of 
oxygen  gas  will  be  made  manifest  by  holding  a  live  coal  at  the 
juncture  of  the  pot  and  cover ;  as  long  as  oxygen  escapes,  the  coal 
will  burn  with  increased  splendor ;  when  the  splendid  combustion 
ceases,  the  fire  should  be  augmented  until  the  pot  is  of  a  very 
bright  red,  and  kept  at  that  temperature  about  one  hour.  The 
pot  should  now  be  suffered  to  cool  in  the  furnace,  to  prevent  its 
cracking  by  a  sudden  change  of  temperature  ;  and  when  cold,  it  is 
to  be  well  wiped  on  the  outside,  and  placed  in  a  tinned  kettle  con¬ 
taining  a  large  quantity  of  water,  which  is  to  be  boiled  until  the 
mass  can  be  detached  from  the  pot ;  when  the  latter  maybe  with¬ 
drawn.  The  boiling  must  now  be  continued  for  half  an  hour,  oc¬ 
casionally  bruising  the  hard  mass  at  the  bottom  of  the  kettle,  after 
which  it  may  be  withdrawn  from  the  fire  and  suffered  to  settle  for 
a  few  minutes.  When  the  supernatant  liquid  is  clear,  it  is  to  be 
decanted  into  a  convenient  vessel,  and  the  kettle  filled  with  fresh 
water,  which  must  be  boiled  on  the  residuum,  and  the  process  re¬ 
peated  as  often  as  the  liquid  appears  to  be  strongly  coloured.  Af¬ 
ter  a  few  boilings,  the  liquid  (if  the  quantity  of  water  is  large)  will 
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be  so  faintly  coloured,  that  a  further  continuance  of  the^boiling  will 
be  a  waste  of  time ;  then  the  remainder,  which  consists  of  oxyded 
iron,  may  be  thrown  away,  and  the  kettle  rinsed  clean.  A  part  of 
the  liquid  is  now  to  be  introduced  into  the  kettle,  and  briskly  boil¬ 
ed,  supplyirf^  the  waste  as  it  boils  away,  until  the  whole  is  intro¬ 
duced  therein  ;  it  should  then  be  concentrated  until  it  is  nearly  at 
the  point  of  crystallizing  when  cold  ;  when  it  may  be  thrown  on  a 
filter,  to  separate  the  iron  which  may  remain  suspended  therein, 
together  with  the  magnesia  which  will  have  precipitated. 

On  gi-adually  adding  nitric  acid  to  the  filtered  liquid,  a  precipi¬ 
tate  will  appear,  which  is  the  earths  held  in  solution  by  the  potash 
of  decomposed  nitre,  and  disengaged  by  the  acid  combining  with 
the  alkali ;  but  attention  must  be  paid  not  to  add  the  acid  in  excess, 
otherwise  the  precipitate  will  be  immediately  re-dissolved ;  the 
better  way  w  ill  be  to  add  less  acid  than  is  deemed  necessary,  to 
separate  by  filtration  the  precipitate  which  may  appear,  and  to 
the  filtered  liquid  add  fresh  acid,  then  filter  again  and  repeat  the 
process  as  often  as  a  precipitate  falls ;  by  that  cautious  proceed¬ 
ing  the  separation  of  the  earths  may  be  considerably  approximated, 
but  not  entirely  effected. 

Nitric  acid  is  now  to  be  added  until  the  solution  tastes  sensibly 
sour ;  it  is  then  to  be  boiled  in  a  glass  vessel,  and  w  hilst  boiling  a 
few  drops  of  acid  are  to  be  added  as  long  as  an  effervescence  or 
even  globules  of  air  appear  to  rise  from  below  the  surface  of  the 
liquid,  on  each  addition  of  nitric  acid  ;  when  they  cease,  the  solu¬ 
tion  must  be  briskly  boiled  for  fifteen  or  twenty  minutes,  W'hich  will 
completely  expel  the  carbonic  acid  which  may  remain. 

Into  the  above  solution,  either  hot  or  cold,  a  solution  of  nitrate 
or  acetate  of  lead  is  to  be  poured  so  long  as  a  precipitate  appears ; 
or  the  acetate^  if  clean^  may  be  added  in  fiowder  or  lumfis^  which 
I  think  preferable,  as  we  thereby  avoid  the  bulky  solution  which  is 
so  very  inconvenient  where  capacious  glass  vessels  are  difficult 
to  procure.  When  the  precipitation  is  completed,  it  should  be 
thrown  on  a  filter  and  well  washed,  by  filling  the  filter  fifteen  or 
tweqty  times  with  boiling  distilled  water ;  the  water  being  suffer¬ 
ed  to  run  entirely  off,  before  the  filter  is  again  filled.  As  the  beau¬ 
ty  of  the  colour  and  the  property  of  drying  quickly  will  greatly 
depend  on  its  being  wxll  washed.  It  may  be  interesting  to  add, 
that  I  have  found  strong  boiling  of  river  water  a  good  substitute 
for  distilled  ;  the  water  was  boiled  for  half  an  hour  in  an  open  ves¬ 
sel,  then  suffered  to  cool,  it  deposited  a  considerable  sediment  of 
vegetable  matter,  and  in  winter,  some  carbonate  of  lime,  which 
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was  separated  by  filtering ;  the  water  was  again  boiled  in  a  clean 
vessel,  and  used  hot,  as  above  directed. 

After  the  lotions  are  concluded,  the  filter  may  remain  in  the 
funnel  for  24  hours  to  drain  ;  the  funnel  being  covered  with  paper, 
to  prevent  the  pigment  being  injured  by  dust,  &c. ;  the  paper  will 
then  bear  being  raised  witliout  danger  of  tearing,  and  may  be  laid 
on  a  chalk  stone  to  dry,  with  a  sheet  of  bibulous  paper  laid  on  its 
surface. 

My  second  process,  which  furnishes  the  finest  specimens,  is 
as  follows The  mineral  is  treated  as  in  the  former  process,  ex  • 
cept  that  instead  of  adding  nitric  acid  to  separate  tlie  earths  from 
the  “concentrated  solution;  I  add  a  saturated  solution  of  muriat  of 
ammonia^  an  abundant  precipitate  immediately  appears,  the  muriat 
of  ammonia  is  added  until  it  ceases ;  the  whole  is  then  thrown  on 
a  filter;  by  this  means  I  free  the  solution  of  all  the  earths.  Into 
the  filtered  liquid  I  add  nitric  acid  until  it  is  sensibly  sour,  and  boil 
immediately  ;  whilst  boiling,  a  few  additional  drops  of  acid  arc  ad¬ 
ded,  to  ascertain  whether  the  liquid  contains  any  carbonic  acid,  ii' 
an  effervescence  ensues,  or  small  globules  of  air  are  perceived  to 
rise  from  below  the  surface,  more  acid  is  added  until  they  cease, 
when  clean  acetate  of  lead  in  powder  is  immediately  kidded,  as  long  as 
chromat  of  lead  is  precipitated.  The  chromat  is  then  separated 
by  filtration,  and  the  washing,  8cc.  conducted  as  in  the  former  pro¬ 
cess. 

This  last  process  (if  properly  conducted)  always  produces  deep 
orange  colours  of  great  beauty.  Of  six  specimens  which  I  prepa¬ 
red,  no  difference  could  be  obseiwcd  in  the  shades,  by  the  most 
discriminating  eye  ;  but  it  is  indispensable  to  success,  that  there 
be  no  delay,  after  the  carbonic  acid  is  expelled  by  adding  nitric 
acid  and  boiling ;  as  the  muriatic  acid  of  the  muriat  of  ammonia, 
decomposes  part  of  the  chromic  acid,'oxymuriatic  acid  gas  is  a- 
bundantly  evolved,  and  the  solution  changes  rapidly  to  a  dark  yel¬ 
lowish  green,  the  decomposition  however  is  only  partial ;  yet  the 
least  delay  in  adding  the  acetate  of  lead  would  render  it  general, 
and  thus  defeat  the  previous  labour. 

With  respect  to  the  permanence  of  the  colour,  I  cannot  say 
much  from  my  own  experience ;  the  opinion  of  artists  I  find  dif¬ 
ferent  on  the  subject.  I  will  however  obserA'e,  that  no  inference 
should  be  formed  from  the  specimens  which  have  been  offered  to 
the  public ;  they  are  all  contaminated  with  carbonate  qf  lead,  a 
pigment  which  is  well  known  to  blacken,  the  instant  it  comes  in 
contact  with  sulphuretted  hydrogen  gas,  or  the  effluvia  from  pu- 


||V  ^ 


Cookery.  209 

irid  aiiimal  or  vegetable  matters ;  to  that  change  I  attribute  the 
deterioration  >vMch  was  experienced  with  the  chromat  of  lead  hi* 
therto  used,  t  will  further  observe,  that  I  think  oil  made  drying 
by  oxyded  lead,  should  not  be  used,  owing  to  the  great  affinity 
.which  the  oxyds  of  lead  have  for  carbonic  acid,  particularly  when 
in  contact  with  substances  capable  of  affording  that  acid  by  de¬ 
composition.  I  will  not  say  that  I  know  the  oil  is  partly  decom¬ 
posed,  but  I  think  I  have  observed  the  phenomenon :  a  board  was 
painted  with  the  pigment  and  poppy  oil,  it  appears  to  stand  very 
well. 

In  the  above,  sir,  I  have  endeavoured  to  lay  before  you  the  rea- 
'■,oning  which  led  to  the  processes  I  now  pursue  ;  should  you  pub¬ 
lish  them,  no  person  will  be  disappointed  who  follows  them  faith¬ 
fully. 

Your  friend, 

WILLIAM  HEMBEL,  jun. 

Thomas  Cooper,  Esq. 

Professor  of  Chymistry, 

Carlisle  College. 

June  28th,  1814. 
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COOKERY:  A  SALMAGUNDI. 

Nu>  Sf  yLVYigUlJLs9c6  SofTTOU 

Kat  T^YJVKOlJi^'NiO&Yl  6/J.yyigaTO  (TITOV 

SocSskos  orocTScg  svi  yLsyoc^otcriy  oKovro* 

J^ow  let  118  think  about  supper:  for  the  fair  haired  A^iobi  did 
not  forget  hermealsy  although  she  had  twelve  children  lying  dead 
in  her  house, 

SO  spake  the  swift-footed  Achilles  to  king  Priam,  who  came 
to  beg  the  body  of  his  son  Hector.  Harry  Fielding,  too,  has  a  dis¬ 
sertation  in  Tom  Jones,  to  prove  that  even  violent  love  will  not  take 
away  the  necessity  of  eating,  or  entirely  destroy  the  appetite  for  a 
good  dinner.  This,  in  my  opinion,  is  also  proved  by  the  common 
practice  in  every  country,  of  drinking  to  your  mistress’s  health, 
which  presupposes  good  eating  to  be  washed  down  with  the  good 
wine  used  on  such  an  occasion.  The  same  inference  may  be  fair- 
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ly, though  indirectly,  deduced  from  the  old  proverb,  “Excessive 
sorrow  is  exceeding  dry.”  Hence  I  may  concludi  it  as  a  common 
pi’actice,  that  whether  a  man  be  in  grief  or  in  love,  he  will  eat  a 
good  dinner  if  it  be  set  before  hirh,  and  the  stomach  calls  for  it. 
Montgomery,  the  poet,  thinks  with  me  in  his  verses  while  in  pri¬ 
son. 

“  When  drest  I  to  the  yard  repair 
And  breakfast  on  the  pure  fresh  air : 

But  though  this  choice  Castalian  cheer, 

Keeps  both  the  head  and  stomach  clear. 

For  reasons  strong  enough  with  me 
I  mend  the  meal  with  toast  and  tea. 

Now  air  and  fame,  as  poets  sing. 

Are  both  the  very  self-same  thing. 

Yet  bards  are  not  camcleons  quite, 

And  heavenly  food  is  very  light ; 

Who  ever  din’d  or  supped  on  fame 
And  went  to  bed  upon  a  name  ?” 

Soil!  the  old  song,  Bacchus  very  shrewdly  asks  Appollo, 

“  Who  ever  got  fat  at  the  sound  of  a  string  ?” 

Now,  every  common  practice,  that  is,  a  practice  universally  fol¬ 
lowed  in  all  ages  and  nations,  may  be  considered  as  a  law  of  nature 
and  of  nations.  Thus,  Grotius,  L.  1.  cap.  1.  sect.  12.  parag.  1. 
sub  fin.  Juris  naturalis  ease  coUigitur^  id^  quod  afiud  omnea  gen- 
tea,  aut  moratiorea  omnesy  tale  ease  creditur,  J^'am  univeraalia 
cjfectua  univeraalem  requirit  cauaam  ;  talia  autem  exist hnationisy 
causa  vix  ulla  videtur  ease  fiosacy  fir^lcr  senaum  ifiaum  commu¬ 
nis  qui  dicitur.*  In  support  whereof,  according  to  the  laudalile 
practice  of  his  day,  (now  almost  suppressed  through  the  ignorance, 
idleness,  or  plagiaristical  concealment  of  modem  authors)  he 
gives  us  eleven  quotations :  to  wit,  one  from  Hesiod,  a  case  di¬ 
rectly  in  point,  as  the  lawyers  say ;  running  upon  all  fours  ;  firofiri- 
um  quarto  modOy2i^  the  logicians  have  it;  together  with  a  dictum 
of  Heraclitus ;  three  passages  from  Aristotle  ;  one  from  Cicero ; 
one  from  Seneca  ;  one  from  Quintilian  ;  one  from  Porphyry  ;  one 
from  Andronicus Rhodius ;  and  one  from  Plutarch.  To  makeup 
the  baker’s  dozen,  he  adds  in  a  note,  another  from  Aristotle ; 
another  from  Seneca  ;  and  another  from  Quintilian ;  and  throws 

*  This  is  the  foundation  of  tlie  wonderful  discoveries  in  Pr,  KeaKie’s 
Kssay  on  Tnjlh, 
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into  the  bargain,  still  one  more  from  the  last  author ;  and  a  spick 
and  span  new  citation  from  Tertullian.  His  annotator,  Barbeyrac, 
out  of  sheer  envy,  spite,  and  vexation,  because  these  annotations 
of  the  author,  rendered  unnecessary  those  of  his  commentator, 
most  seditiously,  and  in  contempt  of  his  superiors,  declai*es,  omnia 
ista  loca^  si  duo  priora  exci/naa,  parum  ad  rem  referunt.  In  the 
same  prudent  spirit  of  leaning  upon  sage  authorities  (upon  a  brok¬ 
en  r<?cd  as  Horn  Tookc,  of  seditious  memory’,  would  call  it)  my 
lord  Monboddo,  having  asserted,  that  “  when  a  man  opines,  ho 
must  opine  some  thing;  and  therefore  the  subject  of  an  opinion 
is  not  notliing,’*  does  not  venture  to  turn  out  into  the  world  so  pro¬ 
found  an  observation,  unprotected ;  he  therefore  fortifies  it  by  the 
authority  of  Aristotle.  So  in  later  times,  the  very  learned  Dr. 
Magee,  now  pi*ofessor  of  mathematics  in  the  college  at  Dublin, 
proves  the  doctrine  of  atonement  and  vicarious  suffering,  the  ab¬ 
solute  inefficacy  of  repentance,  and  that  w  ithout  the  shedding  of 
blood  there  can  be  no  remission,  by  the  general  prevalence  of  hu¬ 
man  sacrifices  throughout  the  ancient  and  modern  w’orld.  This  is 
a  doctrine,  which  if  an  unlearned  Christian  finds  clearly  laid  down 
in  his  biblc,  he  adopts  at  once,  and  looks  no  further.  Not  so  the 
learned  doctor.  He  brings  his  case  into  court  with  a  full  deter¬ 
mination  to  make  security  doubly  sure.  He  therefore  cites,  as 
witnesses  in  his  belialf,  authors  of  all  ages  and  nations,  ancient 
and  modern,  of  all  ranks  and  descriptions,  original  and  at  second 
hand,  in  most  erudite  and  overwhelming  confusion.  To  be  sure, 
had  he  an-anged  and  marshalled  them  either  in  order  of  date,  or 
reputation,  or  language,  or  subject  matter — had  he  distinguished 
between  original  and  hearsay  testimony,  or  betw  een  the  rules  of 
credit  or  credibility,  he  might  perhaps  have  escaped  some  legal 
objections  to  testimony,  but  he  would  have  lost  ground  perhaps  in 
the  eflcct  and  grandeur  of  display. 

First  he  offers  to  the  court,  Ilemdotus,  and  Porphyry,  and  St. 
Augustin,  and  M.  de  Paauw  :  then  Sanconiatlion,  as  quoted  by  Philo, 
as  quoted  by  Eusebius.  Then  Keisler  the  modern,  ami  Diodorus  the 
ancient,  and  Manetho  the  Egyptian  as  cited  by  Plutarch.  (lie  forgot 
Berosus,  who  generally  composes  one  of  the  firm  of  Sanconiatlion 
Manetho  and  Co.)  These  are  backed  by  Murtadi  the  Arabian,  who  i^ 
supported  by  Mr.  Maurice  the  Englishman,  and  M.  Savaiytha 
Frenchman.  Then  we  have  an  account  of  the  oblations  of  the  Chinese 
monarch  Ching-tang  from  Martin’s  historia  Sinensis  ;  and  tliose  of 
the  Persians  from  Herodotus,  and  Xenophon,  and  Arrian,  and  Strabo, 
and  Suidas,  whose  evidence  (to  clear  it  from  ail  objection)  is  tii- 
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umphantly  supported  by  Monsieur  Barnaby  Brisson !  Then,  lest  the 
Rev.  Mr.  Maurice  should  be  deemed  insufficient,  he  is  corroborat-  | 
cd  by  Orme,  and  Sir  W.  Jones,  and  Mr.  Wilkins,  while  Holwcll  and  f 
Dow  who  have  hitherto  passed  through  the  world  with  good  name,  I 
fame,  credit,  character,  and  reputation,  are  on  this  occasion  un-  f 
mercifully  lashed  by  the  learned  Doctor.  The  jury  arc  then  en-  I 
lightened  upon  the  devotional  practices  of  the  Druids,  as  detailed  I 
to  us,  by  Diodorus  Siculus,  and  Lucan,  by  Caesar,  and  Tacitus.  I 
These  religious  acts  of  the  Druids  who  sacrificed  their  enemies 
taken  in  war^  were  nothing  however  to  the  pious  orgies  of  the 
Greeks,  who  cut  the  throats  of  their  friends  before  battle^  as  we 
are  told  by  Phylarchus,  and  Pausanias,  and  Fulgentius,  and  Apol- 
lodorus,  and  Plutarch,  to  say  nothing  of  Suidas,  who  whis¬ 
pers  a  few  greek  words  in  assent.  Upon  a  similar  subject, 
Plutarch,  Livy,  and  Pliny,  are  kept  in  countenance  by  the 
authors  of  the  Universal  History,  and  by  Porphyry.  Eviden¬ 
ces  now  crowd  thick  upon  us ;  some  arc  introduced  for  the 
first  time,  others  for  a  second  examination :  Herodotus,  Strabo, 
Jornandes,  Cicero,  Caesar,  Procopius,  Tacitus,  Pliny,  Sanconia-  > 
ihon,  Plato,  Silius  Italicus,  Justin,  Ennnius  and  Diodorus,  succeed  | 
each  other  -velut  unda  sujiervenit  undam.  All  these  testimonies, 
a  man  well  red  in  indexes,  might  perhaps  have  mustered  with  j 
great  labour,  as  Dr.  Magee  has  done  :  but  the  Doctor  is  no  com¬ 
mon  writer,  or  every  clay  reasoner  :  he  aims  to  “  snatch  a  grace 
beyond  the  rules  of  art,**  and  to  fortify  the  scripture  doctrine  of  ! 
atonement,  he  boldly  appeals  to  the  practice  of  the  Canaanites ! 
(Lev.xx.23.)  The  Hivites,Hittitcs,  Amorites,  Jebusites,  Perizites, 
and  so  forth, are  passed  over.  Then  we  have  the  corresponding  cus¬ 
toms  of  the  Arabians  again ;  of  the  Cretans,  Cyprians,  Rhodians, 
and  Phocaeans  ;  with  those  of  Chios,  Lesbos,  Tenedos,  and  Pella, 
fi'om  Porphyry  as  quoted  by  Eusebius,,  and  from  Monimus  as  re¬ 
tailed  to  us  by  Clemens  Alexandrinus.  So  that  the  universality 
of  the  principle  and  practice  of  atonement  and  vicarious  suffering, 
in  the  heathen  world,  “  cannot  reasonably  be  questioned.**  Lest  j 
however  it  should  be  questioned  by  some  unbelieving  wight,  the  a 
learned  Doctor  goes  on  more  fully  to  strengthen  his  positions,  by 
Euripides,  Tacitus,  Plutarch,  Pliny,  and  Plato,  attended  by  Pro-  J 
feasor  Mciners  and  Dr.  Cudworth,  who  vouch  to  warranty  all  the  .‘f 
ancients,  wherever  *  their  testimony  can  be  pressed  into  the  ser- 
vice.  f 

Then  the  Doctor  proceeds  to  shew  that  the  same  principle  and 


practice  has  obtained  among  all  the  most  polite  and  civilixed  bar- 
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barians  and  savages  of  modem  days.  Mr.  Thorkelyn  the  advo* 
cate  of  the  slave  trade,  leads  up  the  train  of  witnesses :  he  is  suc¬ 
ceeded  by  Ditmarus  who  is  called  in  by  Loccenius.  Then  come 
Adam  Bremensis,  a;id  St.  Boniface,  Mallet,  (a  sad  rogue)  Jortin, 
and  Fleury,  as  to  the  practice  among  the  northern  tribes  of  Eu¬ 
rope.  Then  he  glances  over  the  various  nations  of  Africa,  and 
the  islanders  of  the  South  seas,  of  Ota-hai-te  and  Tongataboo,  con¬ 
cerning  whom  we  are  presented  with  the  testimony  of  Snellgravc 
and  captain  Cook.  As  to  the  American  savages  at  the  first  disco¬ 
very  of  this  continent,  Acosta,  Gomara,  Antonio  de  Solis,  Clavigero, 
give  ample  testimony.  The  East  Indian  rites  and  ceremonies  of 
similar  description  are  attested,  by  Maurice,  Mickle,  and  Crau- 
ford:  by  Dow,  Holwell,  Grose,  and  Buchanan  :  not  to  mention  that 
indefatigable  and  unequalled  citer  of  authorities,  Professsor  Mei- 
ner’s,*  who,  though  he  had  long  ago  forestalled  the  Doctor,  is 
kept  too  much  in  the  back  ground. 

*  Dr.  Magee  is  original  only  in  his  mode  of  argument :  not  so  in  his  body 
of  quotations,  as  the  following  extract  may  shew,  from  Meiners’  Syllabus  of  a 
History  of  all  Religions. 

SECT.  Vll.  Nor  was  it  less  universal  a  matter  to  offer  peace  offerings 
upon  misfortunes,  or  to  endeavour  to  avert  the  consequences  of  misconduct. 
Expiatory  sacrifices,  and  trespass  offerings  are  therefore  to  be  met  with 
amongst  all  the  nations  of  the  new  and  old  world.*  Nay,  they  have  support* 
cd  themselves  amongst  such  nations  as  have  long  since  banished  every  kind 
of  bloody  rite.f 

•  By  the  JEg}'ptians,  Herod.  Plutarch.  1.  c.  et  Schmidt,  p  312.  By  the 
Israelites,  278,79.  Outram, />  118.  Mich.  Mosaic  Laws,  v  98.  3.  Mos.  5. 
r.  2,  3.  also  c.  4.  and  16.  By  th^  Greeks,  Plat,  de  Republ.  ii.  p.  102.  edit. 
Massey.  The  Romans,  Liv.  c.  31.  c.  12.  L.  34.  c.  55.  L.  28.  c.  11.  L.  29. 
14.  Plutarch,  in  Coriol.  ii.  p.  129.  By  the  Negroes,  Loyer,  p  248.  De  Bry, 
vi.  20.  And  the  Siberian  Heathens,  Georg,  p  389.  By  the  savage  Ameri¬ 
cans,  p  348.  Charlev.  Jour.  By  the  Amboinese,  Valent,  iii.  10.  By  the 
Hindoos,  Roger,  i.  5.  ii.  c.  15. 

f  By  the  Heathen  Greeks,  and  Mahometans,  Shaw,  p  333.  Guys,  i.  466. 

SECT.  VHI.  The  causes  which  led  men  to  offer  other  things,  irt» 
dined  them  likewise  to  offer  up  men  ;  they  therefore  either  offered  up  them¬ 
selves  willingly,  or  their  brethren  against  their  wills.  The  former  was 
commonly  done,  for  three  reasons ;  either  to  follow  certain  persons  into  ano¬ 
ther  state,*  or  to  appease  their  angi  y  gods,  or  to  enjoy  the  febcity  of  another 
state  earlier,  and  in  a  greater  degree.  ^ 

*'  Ti>is  was  done  by  all  the  Scythian  and  Celtic  nations.  Cars.  vi.  21.  Tav. 
c.  27.  German.  Herod.  V.  Pellout.  10.  113.  119.  Conner,  i.  81.  83. 
Tavern,  ii.  162.  Historic.  Fragm.  ^  126.  By  the  Hindoos.  In  the  Indian 
ocean,  Recueil  des  Voy.  des  HoUandois. 

Vot.  HJ.  Rr 
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So  that  there  can  be  no  doubt  upon  earth,  but  the  principle  of 
vicarious  suffering,  and  the  practice  of  human  sacrifice,  is,  ac¬ 
cording  to  the  rule  laid  down  by  Grotius,  and  fully  adopted  in 
principle  by  Dr.  Magee,  pait  and  parcel  of  the  law  of  nature  and 
nations. 


SECT.  IX.  Compulsive  human  offerings  wet'e  made  either  for  the  sake 
of  obtaining  health,  a  victory  or  some  otlter  blessing ;  or  to  thank  them  for 
favours  already  Ranted  ;  or  to  feam  future  events  from  them ;  or  to  appease 
departed  souls,  by  sending  tbei/friends  and  servants  aftci^them  ;  or  finally  to 
appease  the  anger  of  the  gods.  (See  the  notes.) 

^Scandinavians,  Herod,  iv.  c.  94.  Barthol.  p  230.  700.  The  Greeks, 
Lucian,  i.  p  466.  The  Negroes,  introduc.  Projart.  p  269-86-99.  The  Inhabi¬ 
tants  of  Paos,  and  Pegu,  Sonnerat,  ii.  39.  Rhodes,  p  349.  The  American 
Savages,  i.  120.  Coreal.  The  Peruvians,  Acosta,  p  229.  The  Tunquinese, 
Ovingt  ii.  p  52. 

f  Upon  this  principle  it  was  that  they  brought  human  offerings  to  Queen 
Amestris,  vii.  114.  Herod.  The  Goths,  Jomand.  ap.  Grot,  p  617.  And  Pro¬ 
cop.  ii.  c.  25.  Keisler,p  134.  The  Galatians,  v.  p  355.  Diod.  Wessel.  The 
Peruvians,  Acosta,  p  227.  The  above  mentioned  savage  nations  in  Africa, 
11.  cc.  and  Snellgrave,  p  36.  54.  The  Romans,  Dio.  Cass.  I.  43.  c.  24. 

t  Strabo  mentions  this  of  various  nations,  iv.  303.  vii.  451.  zi.  768.  This 
also  happened  on  the  island  of  Mona,  xlv.  30.  Tacit,  among  the  old 
Northern  nations.  Mallet, p  84.  In  Peru,  i.  p  52.  Zarate.  And  in  the  Myste¬ 
ries  of  Mythras.  lii.  c.  2.  Socr.  Hist.  Eccles. 

§  This  also  took  place  amongst  the  old  Celtic  and  Northern  nations.  Her. 

iv.  71.  Mallet,  p  213-214.  Barthol.  p  506,  507.  Also  amongst  the  Greeks 
and  the  Romans,  Homeri  Bias,  XXIII.  v  179.  Just.  zi.  2.  Virg.  .£neis,  z. 
517  533.  zii.  948.  Varro  ap.  Serv.  ad.  iii.  67.  Farmer,  p  441.  Also  among 
the  Mahrattas,  p  126.  Histor.  Fragm.  Also  amongst  the  Negroes,  i.  315. 
Oldendorp.  Cavazzi,  i.  250.  381.  391.  401.  ii.  122.  168.  Des  Marchais,  i. 
315.  ii.  74.  Projar^,  p  299.  329.  Also  under  the  Moguls  and  Chinese,  Gentil. 
ii.  151.  Voy.  au  Nord,  vii.  p  58.  Also  amongst  the  North  American  sa¬ 
vages,  Charlcv.  p  247.  The  Taencas,  -Voy.  au  Nord,  v  129.  Alsf* 
amongst  the  Peruvians,  and  Inhabitants  of  Mexico,  Acosta,  p  209.  211. 
227. 

Q  This  was  the  custom  amongst  the  old  Celtes  and  Sclavonians,  Anton,  p 
64.  Tacit,  de  Mor.  Germ.  c.  9  et  39.  Barthol.  p  228. 323,  393, 394.  Mallet,  p 
83.  86.  The  Taurians,  Her.  iv.  c.  103.  The  Galatians,  Just.  L.  26.  c.  2.  Diod. 

v. p  355.  Fxl.  Wessel.  The  Gauls,  Cxsar,  vi.  16.  Massugetce,  i.  216.  Herod. 
The  Giceks  and  the  Romans,  Dionys.  Halle.  Antiq.  R.  i.  38.  Plut.  ii.  366  ct 
sCq.  iii.  625.  vii.  102.  143-45.  Lact.  Inst.  Div.  I  21.  Plln.  L.  28.  c.  %  Suet, 
in  Calig,  c .  27- in  Ner.  c.  36.  Porph.  de  Ab.st.  ii.e.  54-56.  Pausan.  iv.  9. 
vii.  19. 21.  viii  2.  Meursii  Lect.  Attic,  iv.  22.  Miscel.  Lacon.  ii.  14,  Far¬ 
mer,  p  441.  The  Plraeniclans  and  Carthaginians,  Justin,  ziz.  1.  zz«  14.  Plut. 

vi.  633-35.  The  .Egyptians,  Schmidt,  p  277.  The  Tunquinese,  Rhodes,  p 
119.  The  Inhabitants  of  Borneo,  Forrest,  p  368.  The  Negroes,  Loycr, 
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I  confess  I  was  not  only  much  instructed  and  greatly  edified, 
but  also,  in  no  small  degree,  solaced  and  comforted  by  this  elabor¬ 
ate  dissertation  of  Dr.  Magee in  much,  as  it  tends  strongly  to 
prove,  that  the  kings  and  conquerors  ordained  under  the  dispensa¬ 
tions  of  providence,  to  superintend  the  government  of  the  various 
nations  of  the  earth,  are  by  no  means  deserving  of  the  ignorant  ob¬ 
loquy  which  it  is  too  common  to  throw  upon  them ;  and  that  even 
the  human  sacrifices  of  Bonaparte  himsejf,  may  possibly  proceed 
from  his  deep  sense  of  religion,  and  his  profound  respect  for  the 
laws  of  nature  and  of  nations. 

It  is  surely  among  the  desiderata  of  human  knowledge,  that 
Dr.  Magee  should  apply  his  new  method  of  theological  demon¬ 
stration,  to  mathematical  instruction,  so  much  more  luminous  and 
convincing  as  it  seems  to  be.  If  he  docs  not  secure  his  invention 
in  the  patent  office  of  his  own  country,  I  greatly  fear  that  some  in¬ 
genious  Yankee  speculator  in  patent  rights  will  forestal  him,  and 
claim  it  as  a  notion,  the  genuine  offspring  of  some  cisatlantic  brain. 
1  cannot  say  how  far  Dr.  Magee  coincides  with  the  limitation  of 
Grotius,  aaltem  afiud  moratiores  omnea  ;  but  be  that  as  it  may,  I 
do  suppose  the  learned  Professor,  in  his  adopted  character  as  pro- 
chein  amy  of  Mrs.  Bull,  will  be  as  fairly  entitled  to  remuneration 
as  Dr.  Horsley ;  and  if  Hurlo  Thrumbo  were  alive,  he  would  cer¬ 
tainly  obtain  it.  In  our  state,  the  circular  mileage  of  these  wit¬ 
nesses,  so  liberally  allowed  by  the  Legislature  of  Pennsylvania 
even  to  the  President  Judges,  would  form  a  very  pretty  item  in 
the  bill  of  costs,*  made  out  in  the  Doctor’s  favour,  and  amply  re- 

24849.  ‘  Oldend,  i.  p  329.  Tlie  Floridans,  Peruvians,  and  Mexicans,  Acosta, 
227. 234.  Gage,  i.  p  154.  The  Otaheitians,  Forster’s  Observations,  p  476. 
Cook,  i.  185.  The  Inhabitants  of  Madagascar,  ii.  52.  Sonnerat.  The  Bra* 
mins  and  Hindoos,  i.  185.  Sonner.  The  Inhabitants  of  Formosa,  Psal* 
man.*  p  43.  60.  The  Chinese,  Memoir,  concer.  ks  Chinois,  ii.  400. 
In  order  likewise  to  appease  the  Gods,  they  murtlered  or  exposed  sick 
persons.  This  was  done  by  the  ancient  Persians.  See  my  Dissertation  on 
the  Religion  of  the  Persians.  This  is  likewise  still  done  by  the  Mingrelians, 
Lambert!,  p  153.  The  Hindoos,  Ives,  p  26.  The  Hottentots,  Beschryv.  i. 
226.  The  Kamschadales,  Steller,  271.  295.  Tlie  nations  on  the  Oronoko,  i. 
333.  335.  Gumilla.  *(Psalmanasar  deceived  Meiners  for  a  time.  T.  C. ) 

*  It  will  be  ‘necessary  for  the  sake  of  some  of  my  readers,  to  explain  this 
allusion  in  my  correspondent’s  paper.  It  relates  to  the  method  of  making 
out  the  bill  of  costs  of  sheriffs  and  constables,  who  summon  witnesses  to 
court,  and  who  are  entitled  to  mileage  only  according  to  the  nearest  route.  In 
the  present  year,  1814,  also,  an  act  passed  the  Legislature  of  Pennsylvania, 
allowing  circular  mileage  to  the  President  /udgea  of  the  court  of  Common 
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pay  his  laborious  researches,  though  motives  of  secular  interest 
were  far,  no  doubt,  from  the  Doctor’s  thoughts. 

,  Blessings  on  the  whole  tribe  of  quotation-mongers,  from  Gro- 
tius  to  Burton,  from  Burton  to  Meiners,  from  Meiners  to  Magee, 

Pleas,  at  the  same  rate  at  is  allowed  to  witnesses  who  attend,  or  to  constables 
who  summon  them.  At  the  formation  of  the  present  constitution  of  this  state 
in  irOO,  the  salaries  of  the  judges  were  settled  at  their  present  rate  of  %  1600 
a  year  (mileage  lately  allowed,  amounting  in  this  district  to  about  forty  dollars 
a  yexr,  only  excepted. )  At  that  time,  the  wages  of  the  members  of  assembly, 
were  two  dollars  a  day :  tli#  members  of  assembly  afterwards  raised  their 
own  wages  to  three,  and  last  session  to  four  dollars  a  day.  Had  this  rate  of 
wages  been  appointed  for  the  succeeding  session,  no  person  would  have  found 
much  fault  with  it ;  but  the  implied  contract  between  the  representatives  who 
voted  themselves  entitled  to  four  dollars  and  took  it,  and  their  constituents  at 
the  time  of  election,  was  certainly  for  no  more  than  three  dollars.  In  common 
transactions,  and  among  decent  people  in  common  life,  this  would  have  been 
considered  o  fraud.  Had  the  wages  been  raised  to  eight  dollars  a  day,  in 
consideration  that  the  session  should  break  up  before  the  frost  breaks  up,  and 
continue  but  half  the  usual  time,  that  half  only  of  the  usual  number  of  laws 
should  be  passed,  and  half  the  hours  only  wasted  in  ignorant  and  noisy  decla-  - 
mation,  the  public  would  indeed  have  been  greatly  the  gainer. 

From  the  year  1790  to  this  time,  the  business  of  the  Judges  has  nearly 
doubled,  the  price  of  all  the  necessaries  and  comforts  of  life  have  doubled, 
and  these  men  who  have  doubled  their  own  wages  within  the  same  period,  * 
think  it  sufficient  to  add  forty  or  fifty  dollars  a  year  in  the  degrading  shape 
of  post  boy’s  pay,  to  the  salaries  of  their  Judges ! 

HurUt  thrumbo :  Lord  Chancellor  Thurlow.  The  following  dialogue  actu* 
ally  took  place  at  his  Lordship’s  table.  He  was  called  out  during  dinner : 
when  he  returned,  one  of  bis  gpiests  said,  pray  my  Lord,  if  I  may  be  so  bold, 

**  which  of  the  cabinet  ministers  has  disturbed  your  Lordship’s  devotions  at 
“  dinner  “  Cabinet  ministers !  I  wish  they  were  all  at  h —  with  the  puppy 
Pitt  at  the  head  of  them  I  No.  It  was  the  Archdeacon  of  St.  Albans  ^  be 
came  to  pester  me  for  the  Bishopric  of  St.  David’s,  and  talked  me  to  death 
about  bis  services  tp  mother  churcli.  The  canting  rascal  cares  no  more  about 
the  old  b— h  than  I  do :  but  he  has  fought  faithfully  against  old  gunpowder 
(Priestley),  and  he  deserves  the  vacancy.”  Horsley  led  the  pack  so  profitably, 
that  it  is  the  fashion  for  expectants  to  yelp  in. 

My  correspondent  evidently  levels  his  remarks,  not  at  the  doctrine,  but  the 
method  of  proof,  employed  by  Dr.  Magee ;  otherwise,  this  part  of  the  paper 
would  be  inadmissible.  He  may  laugh  if  be  pleases  at  Dr.  Magee  or  myself^ 
or  any  other  of  the  laborious  tribe  of  index>hunters :  but  I  have  nothing  to 
do^wiih  theological  opinions.  I  confess,  1  have  always  thought,  that  the  only 
allowable  way  of  establishing  Christian  doctrine,  is  by  the  Christian  Scrip¬ 
tures  ;  all  other  proofs,  are  at  tlie  best  unnecessary.  Is  the  tenet  you  advance 
plainly  revealed  in  the  Bible  f  If  it  be,  the  Bible  is  sufficient  for  a  Christian : 
if  it  be  not,  can  profane  writers  establish  it  ?  Do  you  distrust  the  authority 
of  the  scripture,  that  you  seek  elsewhere  for  support .? 
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i  and  from  Magee  to  myself  I  Peace  to  the  souls  of  them  that  be  at 
rest,  and  prosperity  to  the  living !  Are  not  \ve  the  exclusive  sup¬ 
porters  of  order  and  regular  government  ?  the  very  props  and 
mainstays  on  which  must  rest  the  authority  of  cveiy  crowned  head 
I  in  Christendom  ?  ay,  and  in  Pagendom  also  ?  Are  not  we  the 
j  only  class  of  literary  knight  errants,  who,  despising  all  argument, 

I  pay  passive  obedience  and  non-resistance  to  all  authority  ?  How  can 
the  professors  of  law  and  physic— nay,  how  can  the  professors  of  di¬ 
vinity  do  without  us  ?  Is  not  our  motto,  Stare  deciaia  ?  A  bas 
I  les  agitateurs  ?  Down  with  the  innovators  ?  Away,  with  the  falli- 
f '  ble  pi'etensions  of  human  wisdom,  and  the  false  lights  of  that  ignis 
fatuus,  human  reason  ? 

Moreover,  although  our  storehouses  are  professedly  repositories 
of  stolen  goods,  yet  we  keep  them  for  the  benefit  of  the  literary 
world.  Although  we  do  enable  those  who  steal  from  us  what  we 
stole  from  others,  to  shine  in  borrowed  plumes,  like  the  classical 
essayists  of  London,  who  pillaged  without  mercy  that  amasSer  of 
other  men’s  wealth  Robert  Burton— or  like  the  Edinburgh  review¬ 
ers,  who  dress  themselves  out  in  the  cast-off  cloaths  of  Jeremy  Tay¬ 
lor,  still  we  mainly  contribute  to  the  classical  gaiety  and  literary 
finery  of  the  day ;  and  although  the  sober  traveller  may  smile  at 
the  g^udy  appearance  of  ancient  frippery  on  modem  linsey-wool- 
scy,  yet,  aunt  quaa  arbuata  juvant^  there  are  ■who  do  not  dislike 
even  the  white,  red  and  yellow  trees  before  the  door  of  a  Dutch 

Dr.  Magee  says  to  his  reader,  I  can  prove  the  doctrine  of  atonement  from 
the  word  of  God,  and  from  M.  de  Pauw.  Can  you  indeed  ?  Then,  for  mercy’s 
sake,  spare  us  dear  Doctor,  the  mortification  of  M.  de  Pauw !  Will  you  drench 
us  with  ditch-water  after  Tokay  i 
^  And  thou  Dalhousie  the  great  God  of  w'ar. 

Lieutenant  Colonel  to  the  Earl  of  Mar, 

Is  sublimity  itself  in  comparison  to  such  an  attempt.  Moreover,  if  the  prac¬ 
tice,  whose  universality  he  labours  to  establish,  be  indeed,  as  he  calls  it,  a 
\  horrid  superstition,  what  aid  can  it  afford  to  a  doctrine  of  revelation  ?  Is  it 
possible  he  could  be  blind  to  the  very  obvious  injury  his  opinions  might  rc- 
^  ceive  from  his  quotations  } 

The  truth  is,  that  Dr.  Magee’s  book  is  manifestly  written,  to  serve,  not  the 
^  spiritual  interest  of  the  church,  but  the  secular  interest  of  Dr.  Magee.  Writ- 
I  er  is  introduced  treading  upon  the  heels  of  writer ;  quotation  is  heaped  upon 
I  quotation  ;  reference  urges  reference  i  criticism  of  sarcasm  succeeds  to  cri- 
I  ticism  of  contradiction ;  and  authority  Is  backed  by  authority,  in  endless  and 
”  useless  succession ;  meant  indeed,  to  display  the  extent  of  the  Professor’s 
reading,  but  affording  evidence  still  more  decisive  of  the  narm^ness  of  his 
judgment.  T.  C, 
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house-wife,  and  the  ever-green  broad-brims  and  yew-tree  tobacco 
pipes  that  adorn  the  garden  of  myn  heer,  her  husband. 

I  have  been  led  into  this  digression  because  not  having  been 
able  to  furnish  you  with  a  drawing  of  a  kitchen  fitted  up  to  my 
mind,  I  sat  down  witli  a  positive  determination  to  shew  the  great 
impoi-tance  of  eating  generally,  and  of  good  eating  particularly, 
from  the  precepts  and  practices  of  divers  great  authors,  who  have 
incidentally  or  expressly  treated  this  important  subject.  I  meant 
to  have  rendered  my  position  luce  clarius,  although  by  reflected 
light ;  and  to  have  fortified  and  protected  it  by  a  seven  fold  shield 
of  impenetrable  authorities.  But  I  have  been  induced  to  confine 
myself  to  narrower  bounds,  for  reasons  that  I  shall  presently  mention. 

There  are  many  passages,  moreover,  in  classical  and  other 
books  of  importance,  that  can  only  be  elucidated  by  a  commentator 
who  understands  something  of  the  history  of  eating.  Thus,  when 
we  find  how  greatly  people  in  general  abhorred  the  practice  of 
eating  with  unwashen  hands,  this  can  only  be  explained  by  shew¬ 
ing,  that  the  Jews  at  that  time,  like  other  nations,  had  no  knives,  j' 
forks,  or  spoons,  but  eat  with  their  fingers,  as  the  Arabians  to  this  | 
day  feed  upon  their  cuscusoo.  When  our  Lord  desires  the  ser-  I 
vants  at  the  marriage  of  Cana  in  Galilee  to  bear  unto  the  master  > 
of  the  feast,  I  apprehend  this  is  a  wrong  translation,  for  the  wine 
was  under  the  controul  not  of  the  entertainer,  but  of  the  elected 
toast-master,  the  arbiter  bibendi :  quern  V enu%  sorte  dixerat.  So 
when  we  read  of  the  favourite  Apostle  who  reclined  in  our  Sa¬ 
viour’s  bosom,  this  can  only  be  understood  by  a  reference  to  the 
Triclinia^  or  couches,  and  the  mode  of  reclining  upon  them: 
chairs  being  used  at  that  time  by  females  only;  who  afterward  .. 
adopted  the  couches  of  men,  when  they  began  to  throw  aside  the  | 
modesty  of  women.  I 

Many  questions  of  great  importance  in  political  economy  also  " 
depend  upon  scientific  and  historical  knowledge  in  eating.  Thus, 
the  introduction  in  England  of  napkins  and  silver  forks  to  each  ^ 
plate,  and  of  separate  tumblers  to  each  person  at  dinner,  is  a  cus¬ 
tom  introduced  even  in  families  of  rank  in  England  within  50 
years ;  and  is  by  no  means  general  even  among  the  opulent  of  the 
middling  classes  to  this  day  ;  while  in  France,  the  poorest  person  g 
has  his  silver  four-pronged  fork,  his  napkin,  and  his  separate  glass  I 
tumbler.  This  arises  from  the  mode  of  cookery  peculiar  to  each  I 
nation.  In  France,,  they  feed  chiefly  on  soups,  and  on  meats  stew-  I 
ed  or  boiled  till  they  are  quite  tender :  hence,  a  knife  is  not  so  ne¬ 
cessary  an  article  in  France  as  in  England,  but  spoons  and  four- 
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pronged  forks  are  essential,  and  cleanliness  requires  them  to  be  of 
silver.  Hence  also,  the  French  take  up  their  food  with  their  four¬ 
pronged  fork  in  their  right  hand,  while  the  left,  holding  a  piece  of 
bread,  sweeps  up  the  soft  food  upon  the  fork.  Hence  the  neces¬ 
sity  of  napkins  and  separate  tumblers,  because  a  Frenchman’s  fing¬ 
ers  are  so  often  greasy  at  dinner  time,  while  an  Englishman  has 
no  occasion  to  soil  his,  in  any  degree. 

These  remarks  will  furnish  a  solution  to  the  following  questions. 

1st.  Why  has  the  linen  manufactory  been  cultivated  in  France 
to  so  much  more  perfection  and  so  much  greater  an  extent  than 
in  England  ? 

2dly.  What  is  the  principal  cause,  why  Great  Britain  is  the 
greatest  manufacturing  nation  in  Europe  ? 

3dly.  Why  is  it  that  the  system  of  paper  credit,  is  more  preva¬ 
lent  in  England  than  the  rest  of  Europe  \ 

4thly.  Why  is  the  hardware  of  Great  Britain,  particularly  the 
cutlery,  superior  to  the  same  manufacture  in  other  countries  ? 

Sthly.  Why  is  the  system  of  boxing  more  common  in  England 
than  elsewhere,  and  the  quarrels  of  the  common  people  less  mur¬ 
derous  ? 

Othly.  Why  are  the  English  better  sailors  than  the  French  ? 

7thly.  Why  do  the  French  excell  in  the  manufacture  of 
snuff  ? 

Sthly.  Why  are  the  French  the  best  baker’s  in  Europe  ? 

9thly.  In  what  particular  has  a  French  army  an  advantage  over 
an  English  one  ? 

lOthly.  W'^hy  is  coin  always  plenty  in  France,  and  not  in  Eng¬ 
land  ? 

1  Ithly.  Why  are  the  English  better  book -binders  than  the 
French  ? 

12thly.  Why  do  the  French,  caeteris  paribus,  print  books 
cheaper  than  the  English  ? 

These  questions  might  be  extended,  but  they  are  sufficient  to 
shew  the  important  bearings  of  my  subject ;  and  that  no  man  can 
I  pretend  to  useful  knowledge  of  almost  any  kind,  unless  he  have 
I  knowledge  in  the  science  of  eating  also.  And  now  to  their  so¬ 
lution. 

Ist.*  Why  has  the  linen  manufacture  been  cultivated  in  France 
more  extensively  than  in  England  ?  Because  from  their  mode  of 
eating,  dependant  on  their  mode  of  cooking,  there  is  a  much  grea- 
I  ter  demand  for,  and  consumption  of  napkins  and  table  cloths* 
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iTheir  mode  of  washing  linen  by  means  of  beaters  also,  greatly 
•  ^ntributes  to  its  consumption. 

r  ‘  2dly.  Why  is  Great  Britain  the  principal  manufacturing  na- 

j  tion  in  Europe  ?  Because  their  taste  in  eating  has  driven  them  to 

j  the  necessity  of  using  stone  coal  for  fuel ;  and  of  perfecting  their 

I  iron  manufactory,  on  which  all  other  manufactures  depend. 

I  The  people  on  the  continent  of  Europe,  prefer  small  dishes, 

I  soups,  and  stews,  which  can  be  cheaply  and  conveniently  cooked  ; 

with  charcoal.  The  English  have  from  time  immemorial  been  at- 
I  tached  to  large  joints,  particularly  of  roast  meat.  This  has  driven 

I  them  for  cheapness  to  the  use  of  coal,  the  cheapest  of  all  fuel,  and 

;  the  very  ground  work  and  basis  of  all  manufacture, 

j  Their  large  joints  ***quirc  knives  and  forks,  of  large  dimensions, 

I  and  of  good  temper :  hence,  as  an  article  in  perpetual  use  three 

j  or  four  dmes  a  day,  neatness,  goodness,  and  cheapness  early  found 

j  their  way  into  this  branch  of  the  iron  manufacture,  and  gradually 

extended  itself  to  every  other  branch. 

3dly.  Why  is  it  that  the  system  of  paper  credit  is  more  preva- 
I  lent  in  England  than  the  rest  of  Europe  ?  ^ 

!  Paper  money  will  be  first  used,  and  more  extensively  used,  in 

I  those  places  where  gold  and  silver  arc  comparatively  scarce.  It 

will  be  long  before  it  comes  into  play,  in  a  country  where  precious 
metals  are  abundant.  The  precious  metals  will  be  abundant  in 
I  those  countries,  where  they  arc  in  the  greatest  demand  and  in  ge- 

,  ncrai  use  for  domestic  purposes,  and  the  common  wants  of  life.  j 

I  Owing  to  the  English  taste  in  eating,  and  their  gross  method  ^ 

of  cooking,  steel  knives  and  forks  have  banished  silver.  For  the  y 
latter  metal  is  not  fit  to  cut  up  a  buttock  of  beef,  or  a  sirloin. 
While  in  France,  the  use  of  soups,  stewed  meats,  and  salads,  have 
j  rendered  a  silver  four-pronged  fork  and  a  spoon  necessaries  of 

I  life  to  every  man,  w'oman,  and  child  in  the  country.  This  has  ex- 

j  tended  the  use  of  silver  to  cvey  other  article  of  the  table :  thus, 

plates,  dishes,  and  tureens — plateaux,  waiters,  and  candlesticks, 
there,  are  silver.  In  England,  the  neatness  and  cheapness  of  the 
pottery  manufacture,  especially  since  it  has  been  directed  by  the 
taste  and  science  of  Bentley  and  Wedgewood,  has  superceded, 
f  even  among  the  English  nobility,  the  necessity  of  silver  services. 

I  Then  again,  the  system  of  plated  goods  in  England,  dependant  on 

the  general  state  of  their  manufactories,  as  controulcd  by  their  col- 
I  lieries,  has  banished  solid  silver  from  their  houses  :  to  which  a 

very  inefficient  and  defective  police  has  greatly  contributed. 

‘  Hence,  in  France  the  precious  metals,  particularly  silver,  have  al- 
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ways  been  and  still  are  in  great  abundance ;  in  England  the  reverse 
has  been  the  case.  Hence  real  money,  gold  and  silver,  to  this 
day,  is  the  only  circulating  medium  of  the  former  nation ;  while 
in  England,  the  precious  metals  are  nearly  banished,  and  the  iron 
age  prevails.  The  hoarding  of  the  precious  metals  during  the 
reign  of  Robespierre  and  revolutionary  principles,  and  the  issue^ 
of  paper  money  in  France  at  that  day,  hardly  forms  an  exception 
to  the  general  remark. 

Hence,  perhaps,  if  tlie  females  of  England  had  been  better  skil¬ 
led  in  French  cookery,  the  bank  of  England  need  not  have  stopt 
payment. 

4thly.  Why  is  the  hardware,  particularly  the  cutlery,  of  Eng¬ 
land,  80  much  superior  to  the  same  manufacture  in  other  coun¬ 
tries  ? 

Because  it  is  evident,  that  the  gros '  morceaux,  that  load  the 
English  tables,  rccjuire  this  superiority ;  and  the  daily  use  of  cut¬ 
ler)’  at  meals,  instead  of  silver,  naturally  produces  more  demand, 
more  competition  and  more  skill. 

5thly.  Why  is  the  system  of  boxing  more  common  in  England 
than  elsewhere,  and  the  quarrels  of  the  common  people  less  mur^ 
dcrous  ? 

This  is  ow'ing  to  the  fashion  of  feeding.  In  England,  the  knives 
do  not  shut.  The  meat  requires  them  to  be  too  large  for  the 
pocket :  those  who  find  you  meat,  find  also  knives  to  cut  it  with. 
On  the  continent,  every  man  carries  in  his  pocket  his  own  cou- 
leau.  The  persons  wdio  find  meat,  find  forks  only.  Hence  abroad, 
a  vulgar,  quarrelsome  brute,  has  always  his  knife — his  snickersee, 
in  his  pocket  to  resort  to ;  an  Englishman  has  nothing  to  betake 
himself  to  but  his  fists.  Dr.  Bardsley,  of  Manchester,  has  written 
a  very  learned,  a  very  elegant,  a  very  ingenious  essay  in  favour 
of  boxing,  which  some  day  or  other  I  will  republish, 

6thly.  Why  are  the  English  better  sailors  than  the  French  ? 

The  English  are  better  accustomed  to  relish  and  digest  the 
hard  and  solid  provisions,  on  which  a  sailor  must  subsist.  This 
is  not  the  only,  but  it  may  reasonably  be  regarded  as  one  cause. 

7thly.  Why  do  the  French  excel  in  their  manufacture  of 
Snuff? 

Bepause  it  is  necessary  to  suppress  and  obtund  the  odour  of 
garlic,  rocambole  and  shalot  in  their  houses  and  their  streets,  aris¬ 
ing  from  its  predominance  in  their  cookery.  Does  their  more 
extensive  use  of  jx'rfumcs  arise  in  .ir*y  degree  from  the  aame 
cause  ? 

VoL.  IIL  Ss 
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The  French  also  appear  to  me  better  botanists  and  gardeners 
than  the  English,  owing  to  the  greater  variety  of  vegetables  em¬ 
ployed  for  culinary  purposes :  by  the  way,  the  Abbe  Correa,  in¬ 
forms  me  that  the  purslain,  phytolacca  oleracea,  a  very  good  cu¬ 
linary  vegetable,  and  comn\only  used  in  France,  is  to  be  found  in 
all  the  streets  of  Lancaster,  Pennsylvania,  and  the  amaranthus 
viridis  (or  else  blitum.  Careless )  is  common  at  Carlisle.  The 
dandelion,  the  sow  thistle,  the  lambs-quartcrs,  the  poke,  the  sorrel 
might  also  be  used  in  places  where  gardens  arc  scarce  with  us : 
that  is  every  where  in  this  state.  I  greatly  regret  the  want  of 
truffles,  morills,  and  garden  mushrooms  in  this  country,  where 
for^the  most  part  there  is  no  taste  but  for  tables  so  crowded  as  to 
sate  the  appetite  by  the  very  sight  of  the  dinner ;  and  where  the 
delicaces  of  an  European  entertainment  are  little  known.  But  I 
do  not  feel  inclined  to  speak  favourably  of  the  plateau ;  it  hides 
too  much  of  the  dinner,  and  is  an  obstacle  to  mutual  assistance  at 
the  table,  which  forms  in  my  opinion  onC  of  the  pleasures  of  a 
feast  instead  of  being  a  trouble :  as  it  did  among  the  Greeks  and 
Romans.  It  is  an  interchange  of  civilities  and  good  offices,  and- 
prolongs  the  repast.  The  drinking  of  healths  at  dinner,  is  an  abo¬ 
mination  :  it  is  almost  as  bad  as  segars  after.  People  who  have 
dismissed  their  plate,  and  arc  at  leisure,  may  slightly  bow  to  each 
other,  but  to  disturb  a  man  while  he  is  eating,  and  compel  him  to 
quit  the  plate  he  is  enjoying,  to  drink  when  he  does  not  wish  it, 
is  very  impolite,  very  troublesome,  and  very  unpleasant. 

Stilly.  Why  arc  the  French  the  best  bakers  in  Europe  ? 

They  cat  more  bread.  The  fork  occupies  exclusively  the  Eng- 
lishman*s  left  hand,  the  bread  employs  the  left  hand  of  the 
Frenchman,  who  is  by  no  means  gauche  on  this  occasion. 

9thly.  In  what  particular  has  a  French  army  an  advantage  over 
an  English  one  ? 

The  French  are  all  cooks:  they  are  better  cooks:  they  arc 
more  frugal  and  saving  cooks :  they  can  manufacture  an  excellent 
meal)  out  of  what  an  Englishman  would  waste,  or  tlirow  away.  In 
French  cookery,  nothing  need  be  lost ;  in  English  cookery  a  fourtli 
of  the  food  is  wasted  in  the  cooking,  or  thrown  away  afterward  from 
bad  cooking. 

lOthly.  Why  is  coin  always  plenty  in  France,  and  not  in  Eng¬ 
land  ? 

Because  their  kitchens,  and  their  sideboards  require  a  much 
greater  supply  of  the  precious  metals  than  the  English.  Hence 
the  precious  meUls, '  silver  especially,  in  use  for  every  domestic 
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purpose,  abound  there.  In  England  their  use  is  comfiaraitvely 
confined  to  coin. 

llthly.  Why  arc  the  English  book -binders  better  than  the 
French  ? 

The  English  consume  more  meat,  or  rather  waste  more  meat 
than  the  French.  They  kill  more  calves  and  sheep  in  propor¬ 
tion.  Hence  the  materials  of  binding  are  cheaper.  Also,  because 
England  is  superior  as  a  grazing  country. 

12tldy.  Why  do  the  French  print  books  cheaper?  or  rather 
sell  them  cheaper  ? 

Because  the  use  and  wear  and  tear  of  linen  is  much  greater 
in  F I’ance  than  in  England ;  particularly  at  dinner.  In  the  latter 
countr)',  they  use  much  more  cotton  and  woollen.  Our  napkins 
and  doyleys  are  generally,  and  our  table  cloths  frequently  of  cot¬ 
ton,  in  America,  I  believe,  as  well  as  in  England, 
j  I  promised  to  assign  my  reasons  for  not  dwelling  upon  autho¬ 

rities  in  support  of  the  importance  of  eating  and  drinking  and  the 
[  science  which  puts  them  under  the  guidance  of  health  and  pru- 

[  dence,  as  well  as  pleasure.  In  truth  I  found  the  materials  so  ac- 

;  cumulated  on  my  hands,  that  I  am  obliged  to  give  up  my  design 

in  compassion  to  my  readers.  After  turning  over  Horace  and 
f]  Juvenal,*  and  the  lives  of  Vetellius  and  Helio  (or  Ela)  gabulus, 

I  •In  looking  through  Horace  and  Juvenal,  I  find  the  following  article* 

h  Introduced  at  a  Roman  table. 

I  ^  Gobeo  the  Gudgeon,  came  in  the  first  course. 

Murttna :  the  Lamprey,  served  up  with  Shrimp  sauce.  The  Lamprey  is 
not  uncommon  in  Philadelphia,  and  is  excellent,  though  neglected. 

4  AnguiUa  :  the  Eel :  a  fish  not  much  tliought  of :  but  if  Elagabalus  who 
||  first  introduced  the  oyster  pie,  had  tried  an  eel-pie,  well  seasoned,  he  W’ould 
have  found  it  eatable. 

^  Rhombut:  the  Turbot :  the  first  of  all  fish:  certainly  superior  to  the 

i  Sheep’s  head ;  when  served  up  with  lobster  or  shrimp  sauce  after  the  man¬ 
ner  of  the  ancients.  It  is  eaten,  I  understand,  at  Boston  ;  which  I  shall  note 
in  my  Gastronomic  chart.  I  am  not  well  acquainted  with  John  Dory.  Next 
to  this,  is 

Solea :  the  Sole,  not  common  here. 

Passer  .•  the  Fluke  ©r  Flounder. 

Mullus :  the  Barbel :  concerning  the  Barbel,  and  the  observations  there¬ 
on  of  Plutarch  and  Gesner  and  Gasius,  see  Uawkin’s  Complete  Angler,  one  of 
the  most  entertaining  books  in  the  language. 

<  Silnrus :  the  Shad.  The  salted  Shad  are  peculiar  to  the  middle  states  of 
i  America.  I  have  eaten  Shad  in  England,  but  not  good.  They  do  not  under- 
>  stand  relishes  in  England, 
j  Scants,  the  Sear. 

i  Ji^cipenser,  the  Sturgeon :  the  pickled  Roc  is  the  Cavear. 
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by  Suetonius  and  Lampridius,  I  found  I  had  to  wade  through  the 
Deipnosophista  of  Athenttus  with  the  commentaries  of  Casaubon 
and  others,  and  the  natural  history  (such  as  remains  to  us)  of  Aris* 
totle,  and  more  especially  of  Pliny  the  elder,  and  Galen.  That  I 


the  Pike :  a  young  Pike  is  a  Jack. 

Lagmty  is  a  fish  with  which  I  am  unacquainted. 

Peloris,  1  cannot  assign  a  modern  name  to. 

MytiUiSy  a  Limpen. 

MureXy  a  Muscle  :  perhaps  a  Clam. 

CockkOy  ConchyUay  Cockles. 

Echimety  a  Craw  fish. 

Ptmoy  a  Prawn. 

Squilloy  the  Shrimp. 

OatreUy  an  Oyster. 

PeettUy  a  scollop  Oyster.  A  Clam  ? 

Such  are  the  fishes  mentioned  in  these  authors  :  but  there  were  many  of 
%rhich  they  take  no  notice. 

I  do  not  find  that  Horace  or  Juvenal  mention  any  of  the  following  fish,  no¬ 
ticed  by  others,  chiefiy  Pliny  and  Galen. 

Cancer  :  Gammanmy  the  Crab  :  Conger y  the  Cong^r-e^  l  :  Cyprinus,  the 
Carp :  Htynnuty  the  Tunny  :  Rauiy  the  Ray  or  Skate :  Jiaia  clavatay  the 
Thprnback  :  PeccOy  the  Pearch  :  Erithinony  RubelUoy  the  Roach  :  St  ombery  the 
Mackarel,  which  ought  to  be  far  more  frequent  at  otir  tables  a.s  a  fresh  fish, 
than  it  is.  HUeculay  the  Pilchard,  the  Sardinia,  or  the  Ancliovy,  fori  am 
in  doubt  about  this.  wittratOy  the  Gold  fish ;  not  the  modern  Chinese  fish,  I 
presume,  that  are  now  kept  for  ornament,  but  the  el  Dorado,  so  common  at 
sea.  JTpA/aa,  the  Sword  fish.  J1  seUmt ,  X\\e  Cad,  Co/cxin,  the  Elcl- 

pout.  Glancui,  I  suspect  this  to  be  either  the  streaked  ba.ss.  or  Rock,  or 
else  the  Mackarel.  Garunty  I  am  in  doubt  about  this  also,  some  think  it  the 
Mackarel,  I  think  it  was  a  I.iobster  or  a  Crab ;  it  was  a  fish  used  as  a  pickled 
fish,  of  which  the  pickle  was  in  great  repute.  Of  the  Crab  or  Lobster  kind, 
I  reckon  the  and  the  Echinus.  The  LuciuSy  I  translate  a  Haddock; 

though  on  the  authority  of  Ausonius,  it  is  usually  considered  a  Pike.  Hugo 
de  Friedwald,  supports  me  in  this ;  but  it  is  not  clear.  I  must  give  up  for 
the  present  tlie  .^cusy  the  Smarts,  the  Mann,  ihe  Sudis  or  Sphyrxnay  the 
Mollua  (soft  shelled  crab  f)  the  iMmpetia,  the  Sturioy  the  Sargus  or  Mela, 
fturus,  the  Latus  (Flounder  ?)  the  lacustay  Jistacus  (Lc;bster  ?)  the  Trachinuet 
the  Comna  or  Orphorty  the  LamUiy  the  JAbellay  the  .^quilOy  the  Corvus  or 
Coracintis,  the  Pagrus  or  Pagyrusy  the  Clypea  or  ^losa,  with  maity  others 
whereof  mention  is  to  be  found  in  the  tliirty-second  book  of  Pliny,  and  in 
Galen.  It  is  greatly  to  be  wished  that  five  good  scholars,  including  a  botan* 
ist,  a  naturalist,  and  a  mineralogist,  would  sit  down  to  the  translation  of  Pli- 
ny*s  natural  history,  and  add  notes  to  it.  I  hardly  know  any  single  man,  or 
indeed  any  two  men  competent  to  the  task.  I  do  not  find  that  the  ancients 
knew  any  thing  of  our  Trout,  Salmon,  or  Sea  Turtle.  I  am  not  clear  about  th«5 
Tarrapin,  and  the  Land  Turtle. 
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had  llien,  to  give  some  account  of  my  worthy  and  most  renowned 
predecessors  in  culinary  science  among  the  ancients,  Mithsccus, 
who  published  the  much-csteemed  Sicilian  cookery — Nume- 
nius  of  Hcraclca — Hegeemon  of  Tharo? — Philoxcncs  of  Leuca* 
dia — Actides  of  Chio— Tyndarides  of  Sicyon — Thimbron  of  A* 
thens — and  Archistratus  who  went  upon  his  Gastronomic  travels, 
as  Dr.  Burney  travelled  to  learn  the  modern  state  of  music«— 
Arthur  Young  that  of  agriculture — Ferber  and  Faujas  that  of  mi¬ 
neralogy — Linnaeus  and  his  scholars,  down  to  Michaud,  that  of  bo¬ 
tany,  and  so  forth. 

I  had  then  to  consult  and  analyse  the  cookery  of  Caelius  Apicius, 
with  the  commentaries  of  Humelbergius,  Caspar  Barthius,  Reine- 
sius,  Vander  Linden,  and  Lister,  a  book  of  which  I  propose,  God 
willing,  to  give  a  good  account,  the  rest  notwithstanding.  Then 
had  I  to  dive  into  Aldrovandus  and  Gesnerus  de  fiiscibvB^  among 
the  moderns ;  and  to  dig  among  the  ruins  of  the  9th  folio  of  Gro- 
novius  for  Castellanus  de  carnium  eau  :  a  dissertatiuncula  dc  cc/- 
lido  fiotu  (which  goes  in  Carlisle  by  the  names  of  stewed  whis¬ 
key,  hot  toddy,  and  potassium)  :  and  Hieronymus  Mcrcurialis,  de 
fiotionibua  ac  eduliia  antiquorum  :  and  Baccius,  de  conviviia  (that 
is  the  fishing  and  beefstake  parties)  antiguorum  :  to  the  same  pur- 

Ilorace  and  Juvenal  mention,  Jua,  sauce,  as  the  same  Fi-ench  word  means : 
broiled  or  roasted  fish :  roasted  on  a  board  as  we  do  shad :  also  roasted 
meat.  Garum,  JlUc,  Mtiria^  fish  pickle.  Garum  was  made  from  the  Macka- 
rcl,  as  is  supposed  ;  I  think  from  the  Crab.  Alec  from  the  roe  or  melt  of  fish ; 
the  melt  of  our  Shad,  boiled  for  barely  one  minute  in  vinegar  diluted  w’iih  one 
third  water,  well  spiced,  is  much  superior  to  any  pickled  oyster.  JVIuria,  is 
the  pickle  from  sea  fish. 

Tlie  same  authors  mention  Sunien^  the  breast  of  a  sow,  not  the  udder  as  I 
think  :  the  Hare,  Lepus:  tijc  Boar,  Jiper  :  the  Pi>garffuSf  a  Roebuck  ?  Scythkx 
volucretf  game  of  all  kinds  :  ^yra^  the  Turkey :  iParo,  the  Peacock,  which 
when  young  is  a  good  bird  ;  TiirduSt  the  Thrush  :  Cniia^  the  Crane  :  ^^user^ 
the  Goose  :  Mentla,  the  Merle  :  Patumba,  the  wood  Pidgeon. 

We  learn  from  these  authors  that  the  ancients  employed  Structor  a 
carver  by  profession  ;  that  they  fined  their  wine  with  Pidgeon’s  eggs ; 
that  they  often  mixed  Hymettian  honey,  like  blockheads,  even  with  their 
Falernian.  I'hey  used  Mulsum  mead,  as  a  beverage.  Among  their  relishes 

• 

(probably  at  the  Commessatio  after  supper)  tliey  dipt  their  bread  in  Garum, 
Alec,  and  Muria  ;  they  had  also  JHUa,  sausages.  These  authors  mention  as 
vegetables  in  use,  Papula,  the  Rape ;  Radix,  tlje  Radish ;  Lactuca,  the  Let¬ 
tuce  ;  Siser,  the  Sklrret ;  Porrum,  the  Leek.  Having  cast  my  eye  with  some 
care  over  Horace  and  Juvenal  for  the  purpose  of  this  essay,  I  tliought  the 
preceding  enumeration  of  articles  might  be  deemed  curiotis  at  least,  if  of  no 
use. 
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pose  nearly,  also  is  the  treatise  of  Laurcntius,  de  conviviia  vf*. 
terum :  nor  could  I  omit  the  learned  remarks  of  Hugo  Frcidwall, 
de  sanitate  tuenda^  who  treats  much  of  ancient  food :  Pi^orius, 
de  servis^  or  waiters  at  table,  wherein  of  the  sectorcs  or  carvers, 
very  necessary  to  be  introduced  in  our  day ;  wherein  Tripherius 
read  lectures,  having  various  dishes  made  in  wood,  dissected  ac¬ 
cording  to  the  best  rules  of  carving  :  Muscffiii  philosophi,  de  luxu 
Grtcoruniy  .  in  quo  de  helluonibusy  de  bibacibusy  tlTc.  concerning 
which,  unless  this  philosopher  were  tolerably  well  skilled  in  the 
practice,  he  was  not  well  qualified  to  write ;  as  Harry  Fielding 
shews  at  length  in  his  history  of  Tom  Jones.  Then,  had  I  to  run 
over*the  pages  of  Laurentius,  de  Prandio  et  Ctena  veterum  ;  the 
blockhead  thinking,  I  suppose,  the  Jentaculum,  and  the  Commessa- 
tio,  or  relish  after  supper,  of  no  consequence. 

After  this,  I  had  to  consult  Meibomius,  de  Cereviaiia  veterum, 
and  Possidonius  in  Strabo  on  the  smoking  of  cegars  among  the 
Mysian  Scythae.  Strab.  L.  -  7.  ed.  Casaub.  Smoking  and  ale¬ 
drinking  being  naturally  companions. 

Nor  should  I  have  omitted  the  Hylophagi ;  or  the  Spertnatop- 
hagi  noticed  by  Diodorus  Siculus,  L.  3.  ch.  7.  which  would  of 
course  draw  after  it,  an  investigation  of  the  Chinese  spermatology 
introduced  to  our  acquaintance  by  Mr.  Barrow,  and  which  Sir 
George  Staunton  has  strangely  omitted :  nor  do  I  find  that  Lord 
Macartney  himself  had  carefully  studied  it. 

Nor  could  I  have  omitted  the  strange  taste  of  the 

“  Anthropophagi  who  each  other  ate.”* 

Then  had  I  to  peruse  the  collections  of  Poller  and  Du  Bos, 
and  Kcnnet,  and  Adams  :  and  to  relieve  their  dull  and  dry  details, 


•  The  following  nations  have  been  accuse.d  of  being  Anthropophagi,  on 
the  authorities  annexed ;  but  1  do  not  give  full  credit  to  all  the  charges. 

The  inhabitants  of  the  isles  of  Noussa  Laout  near  Amboyna.  Valenti/n. 

The  inhabitants  of  several  islands  near  the  isle  of  St.  Mary.  Adams*^  Yay- 
age*i  1598. 

The  islanders  of  Cayenne.  Froger'$  Voyages, 

The  Carabees  of  Guadaloupe.  Voyage  of  Columbus. 

The  tribes  on  the  banks  of  the  Yupara.  Condamine.  1743. 

^  Other  Indians  on  the  borders  of  the  river  Amazon.  Acuna  and  Artieda. 

Those  on  La  Plata.  History  of  Paraguay. 

The  savages  of  Brazil.  Laet  Knivet.  The  Mexicans  and  Peruvians. 
mara.  Voyage  of  Pizarro.  * 

The  Scythians— Budian  Scythians.  Herodotus.  The  ancient  Galatians* 
Boemiis. 
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v'ith  the  travels  of  Anacharsis  and  Antenor.  After  this  I  had  to 
examine  the  ill  natured  account  of  an  imitated  ancient  dinner 
given  to  us  (with  the  i*elish  indeed  of  exquisite  attic  salt)  by  the 
learned  Dr.  Smelfungus  in  Peregrine  Pickle, ^wO  the  great  morti* 
hcationof  Akenside  the  poet. 

When  I  came  to  consider  all  this,  and  to  reflect  seriously 
Quid  valeant  humeri  quid  ferre  recusant, 

1  began  to  despair  of  my  undertaking,  and,  as  the  common  saying 
is,  to  draw  in  my  horns. 

We  have  two  tolerably  detailed  accounts  of  ancient  dinners, 
that  of  Nasidienus  by  Horace,  and  Trimalchio  by  Petronius  ;  we 
have  two  accounts  excellent  in  their  way,  of  the  ancient  dinners 
(or  rather  suppers,  as  tliey  were  called,  though  they  generally  be¬ 
gan  about  three  in  the  afternoon)  by  the  Abbe  Barthelemy,  in  the 
travels  of  Anacharsis,  and  by  Smollet  in  Peregrine  Pickle.  To 
copy  Horace,  or  Smollet,  or  Barthelemy,  would  be  unpardonable  : 
to  every  modern  hjader  they  are,  or  ought  to  be,  familiar.  But 
Petronius  falls  into  few  hands,  nor  is  he  an  easy  though  an  elegant 
author.  If  therefore  you  will  accept  a  translation  of .  Trimalchio’s 
feast,  and  an  analysis  of  Apicius  Cxlius,  with  some  receipts  in 
cookery  out  of  that  author,  they  shall  be  at  your  service. 

Epicuri  de  Grece  Porcus. 

The  Samoydes— as  their  name  indicates  in  their  own  language. 

The  Tartars  of  Kardan.  Voyage  of  Marco,  polo. 

The  negroes  of  Sierra  Leona ;  of  the  Gold  coast ;  and  of  tlie  Ivory  coast. 
JBarbot.  Z/oyer,  and  Villaut. 

The  negroes  on  the  Gambia.  Le  Brut.  Those  of  Juid:i.  Philips. 

Those  of  Dahomai,  the  Acquas,  and  Zamazones.  Snellgrave. 

Tlie  Jaggas.  BatteVs  Voyage.  The  M  umbos  of  Monomat apa.  Farin^ 
vol.  2. 

Lately  the  New  Zealanders,  and  some  inhabitants  of  the  Southern  isles, 
have  been  accused  of  the  same  practice.  See  Edinb.  Ann.  Reg.  1809. 

See  Ceutumes  des  diiferens  Peuples,  Tom.  p.  1  to  15. 


NOTICES 


I  HAVE  rccei’vcd  from  Mr.  Thomas  W.  Ruble,  of  Ken¬ 
tucky,  notice  of  a  steam  engine  of  his  invention,  where  the  water 
of  the  boiler  surrounds  the  cylinder.  I  suspect  that  although  this 
arrangement  has  its  conveniences,  it.  is  not  new.  I  have  heard  of 
It  in  use  in  England. 

Want  of  a  plate  prevents  me  from  inserting  Professor  Cut- 
bush’s  paper  on  Mr.  Cloud’s  method  of  making  seltzer  water.  It 
will  appear  in  the  next  Emporium. 

■My  publishers  write  to  me,  that  complaints  arc  made  of  my 
papers  on  manufactures  being  too  long.  They  ask  when  I  begin 
the  subject  of  dying. 

My  design  in  this  work  is  to  make  it  the  best  publication 
any  where  extant,  as  a  body  of  information  on  MANUFAC¬ 
TURES.  I  do  not  profess,  I  will  not  condescend  to  skim 
over  my  subjects  with  the  appearance  of  knowledge,  but  with 
useless  or  shallow  infonnalion,  wdiere  good  can  be  obtained. 
I  dedicate  at  least  one  third  of  this  w'ork,  greatly  against  my  owm 
inclination,  to  miscellaneous  and  comparatively  trifling  papers. 
About  these  I  care  little.  But  I  say  to  those  who  complain, 

Shew  me  in  any  European  language,  the  same  amount  of  real 
information,  on  /ron.  Steely  Steam  Kngmesy  Copfiety  and  Lead  in 
Uie  same  brief  compass  as  I  have  given  it. 

Shew^  me,  any  single  European  publication  on  either  of.  these 
subjects,  that  contains  any  thing  approaching  to  the  same  quantity 
of  important  knowledge,  which  the  Emporium  has  furnished. 

I  say  to  those  who  complain,  tliat  they  can7iot  shew  thisj,  I 
know  it. 

Under  these  circumstances,  if  the  work  be  such  as  I  represent 
it  (and  if  it  be  not,  let  those  who  can  shew'  otherwise)— -if  it  really 
do  contain  a  condensed  body  of  manufacturing  information,  not  to  be 
found  but  by  hunting  up  publications  scarce,  voluminous,  and  dear, 
and  not  then — what  reason  have  I  to  change  my  plan,  or  to  suspect 
that  such  a  work  will  not  be  reasonably  supported  ?  If  it  be  not,  it 
is  well :  I  w  ill  give  it  up :  but  I  will  not  swerve  from  my  own 
ideas  of  propriety  in  conducting  it. 

As  to  dyeing,  I  suppose  there  may  be  twenty  or  thirty  subscri¬ 
bers  anxious  for  such  an  article,  and  caring  nothing  about  any  other 
pait  of  the  work  t  I  believe  the  ailiclcs  I  have  published,  of  far 
more  importance ;  but  it  shall  have  its  turn.  T.  C. 


